™o.b.^svs™m ^^^^ 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an electron beam system that can provide an 

evaluation, such as a defect inspection, for an electron beam transmission mask with high 
throughput and high reliability, and further to a manufacturing method of a device to be used in 
such an electron beam system. 

[0002] In a common practice for a defect 'inspection of a variety of masks including a 

stencil mask according to an-related art, a light such as a visible ray is transmitted through the 
mask and an image therefrom is detected by a CCD camera to thereby carry out the p erform 
inspection (inspection by an optical system). 

[0003] In a defect inspection apparatus of the above-described related optical system, 

however, any defects having theiF-a.size not greater than 0.2 |Lim could not be detected. 
[0004] Besides, although there has been one such device (an inspection apparatus of an 

SEM system) that allows an electron beam to scan a mask, in which secondary electrons 
emanated from this mask or back-scattered electrons therefrom are detected so as to inspect sai^ 
the mask for any potential defects therein, vet said t his device has been suffered from a problem 
of quite a long time being required for the inspection. 

SUMMERY SUMMARY OF THE INVENTION 

[0005] The present invention has been made in the light of above-pointed problems, and 

an object thereof is to provide an electron beam system that allows for an-inspection for a minute 
defect with high throughput and high reliability, and also to provide a device manufacturing 
method that can improve a yield of device manufacturing by carrying out p erforming the mask 
inspection using such a system. 

[0006] According to an aspect of the present invention, there is provided an electron 

beam system comprising an electron gun for emitting an electron beam and irradiating said-the 
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electron beam against mv-a_sample, an electron lens for magnifying the electron beam that has 
passed through the sample, and a detector for detecting said -this magnified electron beam and 
forming an image of the sample. 

[0007] According to another aspect of the present invention, there is provided a 

5 semiconductor manufacturing apparatus for a wafer or a mask, specifically a semiconductor 
manufacturing apparatus with an inspection apparatus incorporated therein. 
[0008] According to still another aspect of the present invention, there is provided an 

electron beam system in which a primary electron beam emitted from an electron gun is 
irradiated onto a surface of a sample to be inspected, and an electron image formed by a 

1 0 secondary electron beam emanated fi-om the sample is magnified so as to be used for a detection^ 
sai d. The system further comprising comprises an NA aperture along an optical path commonly 
shared by said -the p rimary electron beam and sai4-the secondary electron beam, and an electron 
lens disposed in the vicinity of said -the surface of the sample, wherein a crossover created by 
sdd-jthe_electron gun and said -the electron lens and saidr-tlie NA aperture are respectively in a 

1 5 conjugate relationship relative to each other, 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Fig. 1 is an elevational view illustrating main components of an inspection 

apparatus according to an embodiment of a first invention, taken along the-A-A line of Fig. 2 A; 
2 0 [0010] Fig. 2A is a plan view illustrating main components of the inspection apparatus 

shown in Fig. 1, taken along #ie-B-B line of Fig. 1; 

[0011] Fig. 2B is a schematic sectional view illustrating another embodiment of a 

substrate carry-in unit in the first invention; 

[0012] Fig. 3 is a sectional view illustrating a mini-environment unit of Fig. 1, taken 

2 5 along the-C-C line of Fig. 2A; 

[0013] Fig. 4 is a sectional view illustrating a loader housing of Fig. 1, taken along the-D- 

D line of Fig. 2A; 
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[0014] Fig, 5A is an enlarged side view of a mask rack; 

[0015] Fig. 5B is a sectional view taken along tfee-E-E line of Fig. 5A; 

[0016] Fig. 6 shows a variation of a method for supporting a main housing; 

[0017] Fig. 7 is a schematic view illustrating a general configuration of an electron beam 

5 system (i.e., an electronic optical system) according to the present embodiment; 

[0018] Fig. 8 is a schematic diagram of a defect inspection apparatus according to a 

variation of the first invention; 

[0019] Fig. 9 shows a specific configuration of a detector of the defect inspection 

apparatus of Fig. 8; 

1 0 [0020] Fig. 10 is a flow chart illustrating arflow of a.main routine of a mask inspection in 

the defect inspection apparatus of Fig. 8; 

[0021] Fig. 11 is a flow chart illustrating a detailed flow of a^sub-routine in a step for 

acquiring a plurality of image data to be inspected (Step 1304) of Fig. 10; 

[0022] Fig. 12 is a flow chart illustrating a detailed flow of a.sub-routine in a comparing 

1 5 step (Step 1 308) of Fig. 1 0; 

[0023] Fig. 13 shows an example of a plurality of images to be inspected, which has been 

obtained by the defect inspection apparatus of Fig. 8, and a reference image; 
[0024] Fig. 14 is a conceptual diagram showing a plurality of regions to be inspected, 

which are partially overlapped one on the other while being offset fi-om each other over a_Sie 

2 0 surface of a_the-mask; 

[0025] Fig. 15A is a schematic diagram illustrating an electron beam system according to 

another embodiment of the first invention; 

[0026] Fig. 15B is a schematic plan view illustrating an aspect of scanning of a sample 

by using a plurality of primary electron beams generated by the embodiment shown in Fig. 15 A; 
2 5 [0027] Fig. 16 is a flow chart illustrating an embodiment of a manufacturing method of a 

semiconductor device according to the first invention; 

[0028] Fig. 17A is a flow chart illustrating a lithography process representing a core step 
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in a wafer processing process shown in Fig. 16; 



[0029] 
[0030] 
[0031] 

invention; 
[0032] 
invention; 
[0033] 



Fig. 17B is a flow chart illustrating a procedure of a defect inspection of a mask; 

Fig. 18 is a schematic diagram illustrating a principle of a second invention; 

Fig. 19 a block diagram illustrating an exemplary flow of steps of the second 

Fig. 20 is a schematic diagram illustrating a related system involved in the second 

Fig. 21 is a block diagram illustrating an exemplary flow of steps of the related 



system involved in the second invention; 



[0034] 

invention; 
[0035] 
[0036] 
invention; 
[0037] 
invention; 
[0038] 
Fig. 25; 
[0039] 



Fig. 22 is a schematic diagram illustrating a second embodiment of the second 

Fig. 23 is a schematic diagram illustrating a differential exhausting section; 

Fig. 24 is a schematic diagram illustrating a third embodiment of the second 

Fig. 25 is a schematic diagram illustrating a fourth embodiment of the second 

Fig. 26 is a schematic diagram illustrating an electron beam irradiation method of 



Fig. 27 is a schematic diagram illustrating an optical system of an electron 
microscope of image projection type using back-scattered electrons; 

[0040] Fig. 28 is a flow chart illustrating an embodiment of a method of processing by 

using a system according to an embodiment of the second invention; 

[0041] Fig. 29 is a general view of an electron beam system according to a first 

embodiment of a third invention; 

[0042] Fig. 30 is a detail view illustrating a part of the electron beam system according to 

the first embodiment of the third invention; 

[0043] Fig. 3 1 is an explanatory diagram for a cosine law; 
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[0044] Fig. 32(a) is a plan view of a shaping aperture; 

[0045] Fig. 32(b) is an intensity distribution map of an image of a primary electron beam 

irradiated onto a sample through the shaping aperture; 

[0046] Fig. 33 is an intensity distribution diagram of the primary electron beam in 

5 respective sectional planes of Fig. 32(b); 

[0047] Fig. 34 is a detail view illustrating a part of an electron beam system of a second 

embodiment of the third invention; 

[0048] Fig. 35 is an explanatory diagram illustrating a variation of distortion as a 

function of different distance L between a position on which a magnified image is formed and a 

10 magnifying lens; 

[0049] Fig. 36 is an explanatory diagram for a third and a fifth order of distortion; and 

[0050] Fig. 37 is a schematic sectional view or an end view of an objective lens (an 

electromagnetic lens). 

1 5 DETAILED DESCMPTION OF THE INVENTION PREFERRED EMBODIMENTS 

[0051] First of all, an outline of an electron beam system according to an embodiment of 

a first invention will be described. 

[0052] [1] This electron beam system is defined as such an electron beam system, in 

which an electron beam emitted from an electron gun is irradiated to a sample, and the electron 
2 0 beam that has passed through the sample is magnified by an electron lens and further detected by 

a detector having a plurality of pixels so as to form an image of the sample. 

[0053] [2] In the electron beam system, the sample may be a stencil mask. 

[0054] [3] In the electron beam system, the electron beam to be irradiated may be an 

electron beam of good coUimation. 
25 [0055] [4] In the electron beam system, ^^an optical system for irradiation may 

comprise at least one shaping aperture, wherein an image of the shaping aperture may be formed 

onto a surface of the sample. 

- 5 - 



s 



[0056] [5] In the electron beam system, the shaping aperture may comprise a pluraUty of 

shaping apertures disposed in the vicinity of an optical axis, and in another system, an area of the 
sample subject to the irradiation may be modified by changing an overlap betwe e n o f the shaping 
apertures relative to each other. 
5 [0057] [6] In the electron beam system, the electron gun may comprise a thermal electron 

emission cathode, so that the electron gun can be operated under a space-charge-limited- 
condition. 

[0058] [7] In the electron beam system, the electron beam system may further comprise 

at least a two-stage arrangement o f electron lenses and at least one shaping aperture, wherein a 
1 0 primary ray exiting fi:om the at least one shaping aperture may be irradiated in a coUimated state 
onto the sample. 

[0059] [8] In the electron beam system, the optical system for irradiation may comprise 

an entrance pupil of an irradiation lens system, wherein a source image may be formed on the 
entrance pupil. 

15 [0060] [9] In the electron beam system, a magnification of a magnifying lens may be 

made variable in dependence on a size of an irradiation area of the electron beam. 
[0061] [10] In the electron beam system, the irradiation area of the electron beam may be 

specified as a rectangular shape having long sides and short sides, wherein a detection 
(evaluation) of the sample may be carri e d out performed while continuously moving a sample 

2 0 table carrying the sample in #ie-aLdirection along the short sides. 

[0062] [11] In the electron beam system, the electron beam may be driven to scan in a 

step-by-step manner or in a sequential manner. 

[0063] [12] In the electron beam system, the detector may comprise a scintillator, a CCD 

detector and an optical lens, wherein a size of an image formed by the scintillator may be 
2 5 adjusted by using the optical lens so that the image may be formed on a CCD plane in the CCD 
detector. 

[0064] [13] In the electron beam system, the electron gim may be designed as such an 



electron gun of a^small electron source image having an FE, a TFE, or a Schottky cathode. 
[0065] [14] In the electron beam system, the electron gun may be disposed under the 

sample and the-a_detector for detecting a defect in the sample may be disposed above the sample 
or a stencil mask. 

[0066] [15] In the electron beam system, a plurality of magnifying lenses for magnifying 

the electron beam may be disposed between the electron gun and the detector, and further the 
magnifying lens serving for magnifying the electron beam that has passed through the sample (a 
variety of masks) firstly among the others may be a doublet lens. 

[0067] [16] In the electron beam system, the magnifying lens may comprise an NA 

aperture, wherein the magnifying lens may be designed such that any electron beams having bad 
property in coUimation, which have been scattered on the sample, can be eliminated by the NA 
aperture. In a specific configuration thereof, the NA aperture is disposed between components 
of the doublet lens. 

[0068] [17] In the electron beam system, the detector may be configured such that an 

MCP and a scintillator may be placed in a vacuum environment, which is followed by a relay 
optical system^ serving also as a vacuum vsdndow^ and a CCD detector or a TDI detector in this 
sequence. 

[0069] [18] In the electron beam system, the relay optical system and the CCD detector, 

or the relay optical system and the TDI detector, may be disposed in a vacuum environment. 
[0070] [19] In the electron beam system, the image detector may comprise an MCP, an 

EB-CCD detector or an EB-TDI detector. 

[0071] [20] In the electron beam system, a detector serving for detecting secondary 

electrons or back scattered electrons may be placed khon an electron gun side of the sample, and 
by changing a focal length of the lens, a crossover image of small size may be formed on a 
surface of the sample so as to scan it, thereby carrying out the performing registration of the 
sample. 

[0072] [21] In the electron beam system, a detector serving for detecting secondary 
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electrons or back scattered electrons may be placed khon an electron gun side of the sample, and 
further an electron beam of small size may be formed by reducing an overlap between of two 
shaping apertures, which is used to form a crossover image on a surface of the sample and to 
scan it, thereby carrying out th e performing registration of the sample. 

[0073] [22] In the electron beam system, an equivalent scan frequency per pixel may be 

set to be higher than 200 MHz. 

[0074] [23] In the electron beam system, a defect inspection of a sample may be carried 

eut-perfonned by comparing an image data^ obtained by an electron beam that has passed 
through the sample^ with a previously stored pattern data. 

[0075] [24] In the electron beam system, a defect in a stencil mask may be detected by 

irradiating an electron beam emitted from an electron gun, against a stencil mask and then by 
detecting fte-electrons that have passed through the stencil mask. 

[0076] [25] In the electron beam system, the electron beam system may comprise a 

plurality of optical systems, wherein the term "a plurality of optical systems" refers to such a 
form that comprises a plurality of optical systems for irradiation including electron guns and a 
plurality of detectors including detecting sensors, with each of the optical systems for irradiation 
corresponding to each of the detectors in one-by-one manner. 

[0077] [26] The electron beam system may be used to provide a manufacturing method 

of a semiconductor device using a stencil mask that has experienced a defect inspection. 
[0078] One specific example may be a manufacturing method of a semiconductor device 

comprising the following steps: 

(a) a step for manufacturing a mask; 

(b) a step for inspecting the -this m anufactured mask by using the electron beam system; 

and 

(c) a step for manufacturing a variety of chips by using the mask that has experienced a 
defect inspection. 

[0079] Further, the electron beam system may be applied also to a lithography step in the 
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aLwafer processing process. In that case, in order to selectively process a layer of thin film, a 
wafer substrate and the like, a mask that has been inspected by the electron beam system may be 
used to form a resist pattern. 

[0080] A preferred embodiment of a first invention will now be described with reference 

5 to the attached drawings, taking by way of example a semiconductor inspection apparatus 
serving for inspecting a substrate or a mask (e.g., a stencil mask) having a pattemed surface as an 
object of the-inspection. 

[0081] Figs. 1 and 2A show main components of a semiconductor inspection apparatus 1 

of the present embodiment in an elevational view and a plan view. 

10 [0082] The semiconductor inspection apparatus 1 of this embodiment comprises: a 

cassette holder 10 for holding a cassette containing a plurality of masks "M"; a mini-environment 
unit 20; a main housing 30 defining a working chamber; a loader housing 40^, located between 
the mini-environment unit 20 and the main housing 30^ and defining two loading chambers; a 
loader 60 for picking up fee-masks from the cassette holder 10 and loading it-eBh -them onto a 

15 sample table 50 located within the main housing 30; and an electron beam system 70 disposed in 
the main housing 30, all of which are arranged in such a physical relationship as depicted in Figs. 
1 and 2A. 

CASSETTE HOLDER 

20 [0083] The cassette holder 10 is designed to hold a plurality (two piece s in this 

embodiment) of cassettes "c" (e.g., a closed cassette, such as SMIF, FOUP, manufactured by 
Assist Inc.), each containing a plurality (e.g., five-pieees) of masks M placed side by side in 
parallel with each other along fee-an up and down direction. This cassette holder may employ a 
suitable structure depending on fee-specific cases selectively such feat for fee-^Lcase where the-a 

25 cassette is transferred by a robot or the like and loaded onto the cassette holder 10 automatically, 

a specific suitable structure therefor may be employed^ and that for tfee-a_case where fee-a 

loading operation is manuall v carried ou t performed, an open cassette structure suitable therefor 
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may be employed. In this embodiment, the cassette holder 10 has employed a system for 
automatically loading the cassette c, and comprises, for example, an elevating table 11 and an 
elevating mechanism 12 for moving up and down the elevating table 11, wherein the cassette c 
can be set on the elevating table 1 1 automatically in a state illustrated by the chain line in Fig. 2A, 
5 and after having been set, the cassette c is rotated automatically into an orientation illustrated by 
the solid line in Fig. 2A for heading to an axial line of rotational movement of a first transport 
unit within the mini-environment unit. Further, the elevating table 11 is lowered into the-a 
position indicated by the chain line in Fig. 1. Thus, the cassette holder used in tha-a.case of 
automatic loading or tbe-a cassette holder used in the case of the-manual loading may 
1 0 appropriately employ any known structur e s structure , and detailed description of fe -this structure 
and fiinction should will b e herein omitted. 

[0084] In an altemative embodiment, as shown in Fig, 2B, a plurality of mask substrates 

is accommodated in a state where they are contained in slot-type pockets (not shown) secured 
firmly to tiie-ajo^inner side of a box main body 501, so that these -these mask substrates may be 

15 transferred and stored in this state. This substrate carrier box 24 consists of a rectangular 
parallelepiped box main body 501; a substrate carry-in and carry-out door 502, which isjoined 
with an automatic opening and closing system therefor so that an opening formed in a side 
surface of the box main body 501 may be opened and closed automatically; a lid 503 for 
covering another openings located opposite to this door opening, serving for 

20 attaching/detaching filter elements and a fea -fan m otor: slot-type pockets (not shown) for 
holding substrates WM; a ULPA filter 505; a chemical filter 506; and a fan motor 507. In this 
embodiment, the substrates are taken in and out by a first transport unit 612 of a robot system. 
[0085] It is to be noted that the substrates or the masks M contained in the cassette c are 

those subject to #ie~inspection, and such an inspection may be carried out p erformed after or in 

25 the course of a process for processing tbe-aLmask in y^a_series of processes for manufacturing 

Ae-a_semiconductor. Specifically, those substrates or the masks that have experienced the-a 

film-depositing step, the-an etching step, fee-an ion implantation step and the likesjike, or those 
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masks that have been patterned on the smfaces a surface thereof may be accommodated in the 
cassette. Since a number of those masks are accommodated in the cassette c so as to be spaced 
in parallel from each other along the up and down direction, an arm of the first transport unit is 
adapted to move up and down so that the-a_mask in a desired position can be held by the first 
5 transport unit, as will be described later. 

MINI-ENVIRONMENT UNIT 

[0086] In Figs. 1 through 3, the mini-environment unit 20 comprises: a housing 22 

defining a mini-environment space 21 of which atmosphere may be controlled; a gas circulator 
10 23 for providing tfee-atmosphere control by circulating a gas such as a clean air within the mini- 
environment space 21; an exhausting device 24 for recovering and then exhausting a portion of 
the-air supplied into the mini-environment space 21; and a pre-aligner 25 arranged within the 
mini-environment space for providing a coarse alignment of a substrate or a mask subject to an 
inspection. 

15 [0087] The housing 22 comprises a top wall 221, a bottom wall 222 and circumferential 

walls 223 surrounding four circumferential portions so as to provide a structure to separate the 
mini-environment space 21 from an external environment. In order to provide the atmosphere 
control of the mini-environment space, the gas circulator 23 comprises, as shown in Fig. 3, a gas 
supply unit 231 which is attached to the top wall 221 within the mini-environment space 21 for 

20 cleaning the gas (the-air in this illustrate embodiment) and then directing a laminar flow of thus 
cleaned air right below through one or more gas blowoff openings (not shown); a recovery duct 
232 located on the bottom wall 222 within the mini-environment space for recovering the-air that 
has flown down toward tibe-a^bottom; and a conduit 233 interconnecting the recovery duct 232 
and the gas supply unit 231 for returning the-recovered air back to the gas supply unit 231. In 

25 this embodiment, the gas supply unit 231 is designed to intake about 20% of ^supply air from 

tiie-outside of the housing 22 for cleaning, but ti^a.ratio of the gas to be taken in from #ie-an 

outer environment may be arbitrarily selected. The gas supply unit 23 1 comprises a HEPA or 
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ULPA filter of a known structure to create a-clean air. The laminar flow of the clean air 
directed downward, or the-a_down flow, is supplied such that it can flow mainly through a 
conveying surface of the first transport unit located within the mini-environment space 21, as 
will be described later, to thereby prevent any dust^ which may possibly be produced by the 
5 transport unit^ fi-om adhering to the mask. Consequently, the blowoff opening for the down 
flow may not necessarily be arranged in a location near the top wall as illustrated but it may be 
arranged iflh-aLa level above the conveying surface defined by the transport unit. Also, the down 
flow may not necessarily flow entirely across the mini-environment space. It is to be noted that 
depending on each particular case, tbe-cleanliness may be ensured by using an-ionic air as the 

10 clean air. Further, a sensor for observing the cleanliness in the mini-environment space may be 
provided therein, so that an operation of the unit may be shut down when the cleanliness is 
degraded. An access port 225 is formed in a location of the circumferential wall 223 of the 
housing 22 adjacent to the cassette holder 10. A shutter system of a known structure may be 
arranged in the vicinity of the access port 225 so that the access port 225 can be closed from the 

1 5 mini-environment unit side. The laminar down flow created in the vicinity of the mask may be 
at a flow velocity of 0.3-0.4 m/sec, for example. The gas supply unit may not necessarily be 
disposed within the mini-environment space but may be disposed external to the mini- 
environment space. 

[0088] The exhausting device 24 comprises: a suction duct 241 disposed in a location 

2 0 lower than the mask conveying surface of the transport unit and in the-a^lower portion of the 
transport unit; a blower 242 disposed external to the housing 22; and a conduit 243 for 
interconnecting the suction duct 343 -241 and the blower 242. This exhausting device 24 sucks 
the gas flowing down along the-a_circumference of the transport unit and containing tfee-dust 
which may possibly b e possibly p roduced by the transport unit, through the suction duct 241, and 
25 exhausts that air to the outside of the housing 22 via the conduits 243, 244 and the blower 242. 
In that case, the air may be exhausted through an exhaust pipe (not shown) laid near the housing 
22. 
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[0089] The pre-aligner 25 disposed within the mini-environment space 21 is designed to 

detect optically or mechanically a contour of the mask, and to provide in advance an alignment 
of the mask in the-a^rotationai direction around ^le-axis line 0-0 of the mask within an accuracy 
of ±1 degree. The pre-aligner is a constitutional part of a mechanism for determining a 
5 coordinate of a subject to be inspected in accordance with claims of the present invention, and 
takes a role for providing a coarse alignment of the subject to be inspected. Since the pre- 
aligner may be of any known structure, therefore the d escription et-hof its structure and fimction 
should will be omitted. 

[0090] It is vmderstood that although it is not shown, a recovery duct for the exhausting 

10 device may also be provided under the pre-aligner so that the air containing dust from the pre- 
aligner can be exhausted to the outside. 

MAIN HOUSING 

[0091] In Fig. 1 and Fig. 2 A, the main housing 30 defining the working chamber 31 

15 comprises a housing main body 32, which is supported by a housing supporting device 33 loaded 

on a vibration insulating device or a vibration isolating device 37 located on a table frame 36. 

The housing supporting device 33 comprises a frame structure 331 assembled into a rectangular 

shape. The housing main body 32 is disposed and mounted securely onto the frame structure 

331 and comprises a bottom wall 321 loaded on the frame structure, a top wall 322 and 

20 circumferential walls 323 connected to both of the bottom wall 321 and the top wall 322 to 

surround four circumferential portions, thereby isolating the working chamber 31 from the 

outside. Although the bottom wall 321 is shown, in this embodiment, to be made of a^relatively 

thick steel plate in order to prevent any displacement from being induced from the loading of the 

devices, such as a sample table, loaded thereon, other structures may be employed. In this 

25 embodiment, the housing main body and the housing supporting device 33 have been assembled 

in a rigid structure, wherein the vibration isolating device 37 prevents the-vibration from Ae-a 

floor on which the table frame 36 is installed from being transmitted to this rigid structure. An 
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access port 325 for taking in and out tbe-a^mask is formed in one circunfiferential wall from 
among those circumferential walls 323, which is adjacent to a loader housing, which will be 
described later. 

[0092] It is to be understood that the vibration isolating device may be of an active type 

5 having an air spring, a magnetic bearing and the like, or alternatively of a,passive type having the 
same elements. Either of the -these t ypes may have a knovra structure, and the-description en-of 
its structure and fimction should will be herein omitted. The working chamber 31 is designed 
to be held in a vacuum atmosphere by a vacuum device (not shown) having a known structure. 
A controller 2 for controlling an overall operation of the apparatus is located under the table 
10 frame 36. 

LOADER HOUSING 

[0093] Referring to Figs. 1, 2 A and 4, the loader housing 40 comprises a housing main 

body 43 defining a first loading chamber 41 and a second loading chamber 42. The housing 

15 main body 43 comprises a bottom wall 431, a top wall 432, circumferential walls 433 
surrounding four circumferential portions^ and a partition wall 434 for separating the first loading 
chamber 41 and the second loading chamber 42, so that both loading chambers may be isolated 
from the-iiLextemal environment. An access port 435 is formed in the partition wall 434 for 
passing the-mask M between two loading chambers. Further, access ports 436 and 437 are 

20 formed in locations of the circumferential walls 433 adjacent to the mini-environment unit and 
the main housing, respectively. The housing main body 43 of this loader housing 40 is mounted 
on and supported by the frame structure 331 of the housing supporting device 33. Accordingly, 
this loader housing 40 is also designed to be protected from any vibrations otherwise transmitted 
from the floor. The access port 436 of the loader housing 40 and the access port 226 of the 

25 housing 22 of the mini-environment unit are aligned and interconnected with each other, and m 

aLa connecting point therebetween a shutter system 27 is arranged so as to selectively block the 

communication between the mini-environment space 21 and the first loading chamber 41. The 
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shutter system 27 includes a sealing member 271 surrounding tfee-circumferences of the access 
ports 226 and 436 and fixedly secured in tight contact to th e side circumferential w all 433, a door 
272 working cooperatively with the sealing member 271 so as to block an air passage through 
the access ports, and a driving device 273 for driving that door. Further, the access port 437 of 
5 the loader housing 40 and the access port 325 of the housing main body 32 are aligned and 
interconnected with each other, and ifrat a connecting point therebetween a shutter system 45 is 
arranged so as to selectively seal and block theH:ommunication between the second loading 
chamber 42 and the working chamber 31. The shutter system 45 includes a sealing member 
451 surrounding the access ports 437 and 325 and fixedly secured in tight contacts contact t o *e 

10 stde -circumferential walls 433 and 323, a door 452 working cooperatively with the sealing 
member 451 so as to block an air passage through the access ports, and a driving device 453 for 
driving that door. Further, the opening formed in the partition wall 434 is provided with a 
shutter system 46 which selectively seals and blocks the-commimication between the first and the 
second loading chambers by closing a door 461. Those shutter systems 27, 45 and 46 are 

1 5 designed to provide an airtight sealing te-for each chamber when they are in tfee-closed positions. 
Those shutter systems may be of any known systems, and A«-detailed description on its of their 
structure and function s hould will be herein omitted. It is to be noted that since Sie-a.method 
for supporting the housing 22 of the mini-environment unit 20 is different firom that for 
supporting the loader housing, in order to prevent the-vibration from the floor from being 

2 0 transmitted to the loader housing 40 and the main housing 30 via the mini-environment unit 20, a 
cushion member for vibration isolation should be arranged between the housing 22 and the 
loader housing 40 such that it may surround the-circumferences of the access ports to be air-tight. 
[0094] In the first loading chamber 41, a mask rack 47 is arranged, which holds a 

plurality (two pieees-in this embodiment) of masks M in a horizontal state to be spaced from 

2 5 each other in the up and down direction. The mask rack 47, as shown in Fig. 5 Figs. 5 A and 5B . 

comprises four support struts 472 fixed in an upright state to a rectangular base board 471 kh-at 

its four comers as spaced from each other, with each one of the support struts defining double 
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steps of supporting sections 473 and 474, wherein the-mask M is supported by the support struts 
472 with its peripheral edge carried on the supporting sections. Thus constructed mask rack 47 
allows a first or a second transport unit, which will be described later, to extend a tip of an arm 
thereof through a space between adjacent supporting struts so as to approach and grip the mask 
5 by its arm. 

[0095] The loading chambers 41 and 42 are adapted to have titie-an.atmosphere controlled 

to be in a h igh vacuum condition (in a range of 10"^ to 10'^ Pa as a vacuum level) by the~aid of a 
well-known vacuum exhausting device (not shown) including a^vacuum pump, though not 
shown. In that case, the first loading chamber 41 may be held in a lower vacuum atmosphere as 

10 a low vacuum chamber, while the second loading chamber 42 may be held in a higher vacuum 
atmosphere as a high vacuum chamber, thereby providing an effective way to prevent the 
contamination of the mask. Employing such a configuration can help transfer Ae~aLSubsequent 
mask^ that is accommodated in the loading chamber and is_going to be subjected to a defect 
inspection^ into the working chamber without delay. Employing such loading chambers may 

15 help improve the-throughput of the defect inspection by associatively working with an electron 
beam system, which will be described later, and further help maintain the-a^vacuum level in the 
surrounding surroundings of the electron beam source, which is required to be held in a high 
vacuum condition, at as high aLvacuum condition as possible. 

[0096] The first and the second loading chambers 41 and 42 are connected with a 

20 vacuum exhausting pipe and a vent pipe for an inactive gas (e.g., purified dry nitrogen), 

respectively (eiti ^both not shown). With this arrangement, fee-an atmospheric condition in 

each loading chamber can be achieved by the-this inactive gas vent (the inactive gas is injected to 

prevent an oxygen gas and the like^ other than the inactive gas^ from adhering to the~a.surface). 

The-A_device that can provide such an inactive gas vent may have a well-known configuration, 

2 5 and tihie-a_detailed description thereof sheuld -will b e omitted. 

[0097] It is to be noted that in an inspection apparatus using an electron beam according 

to the present invention, it is important that a substance represented by lanthanum hexaboride 
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(LaBe) that can be used as an electron beam source of an electronic optical system, which will be 
described later, should not be brought into contact with oxygen or the like as much as possible 
after once having been heated up to such a high temperature where tbe-a_thermal electron has 
been emitted therefrom in order not to reduce a lifetime thereof, and this can be ensured by 
5 applying the atmosphere control as described above to the working chamber in which the 
electronic optical system is installed, in a step prior to a transfer operation of the mask thereinto. 

SAMPLE TABLE 

[0098] Tbe-A.stage device or the sample table 50 comprises: a stationary table 51 located 

10 on the bottom wall 321 of the main housing 30; a Y table 52 operatively mounted on the 
stationary table to be capable of moving in the Y direction (tfee-a_direction orthogonal to the sheet 
surface in Fig. 1); an X table 53 operatively mounted on the Y table to be capable of moving in 
the X direction (*e-left and right direction directions in Fig. 1); a turntable 54 capable of rotating 
on the X table; and a holder 55 located on the tumtable 54. A mask M is releasably loaded on a 

15 mask loading surface 551 of the holder 55. The holder may have a known structure allowing 
for the mask to be releasably gripped in a mechanical manner or by an electrostatic chuck system. 
The sample table 50 is adapted to provide a highly precise alignment of the mask held in the 
holder on the loading surface 551 with respect to the-an electron beam irradiated from the 
electronic optical system in the X direction, Y direction and Z direction (i.e., the up and down 

2 0 direction in Fig. 1) as well as tfee-a_rotational direction around tbe-an axial line orthogonal to the 
a^supporting surface of the mask (i.e., the 9 direction), by actuating the-SLplurality of tables 
described above using a servo motor, an encoder and a variety of sensors (not shown). It is to 
be noted the-positioning in the Z direction may be achieved by, for example, making tihte-a 
position of the-a^loading surface on the holder to be fine-tunable. In these operations, a 

2 5 reference position of the loading surface is detected by a position measuring device employing_a 

laser of very fine diameter (laser interference range finder using a principle of interferometer) 

and the position is controlled by a feedback circuit, though not shown, and in association with or 
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instead of the above control, the-a_position of the-a_contour of the mask is measured to detect a 
position within a plane and a rotational position of the mask with respect to the electron beam, 
and the turntable is rotated by, for example, a stepping motor capable of fine angle controlling so 
as to control the position of the mask. In order to prevent or minimize, if any, a production of 
5 dust within the working chamber, the-servo motors 521 and 531 and the-encoders 522 and 532 
for the sample table are disposed external to the main housing 30. It is to be noted that the 
sample table 50 may be of known structure used in, for example, a stepper, and the-a_detailed 
description on its structure and operation should will b e herein omitted. Also, the laser 
interference range finder may be of known structure, and Sie-a_detailed description en-of its 

1 0 structure and operation sheul4 -vvill be omitted. 

[0099] Tfee-A_reference can be set for the-a^signal obtained by inputting in advance the 

rotational position and/or the position in the X- and Y- du'ections of the mask^ with respect to the 
electron beam, to a signal detecting system or an image processing system, both of which will be 
described later. Further, the-a^mask chuck mechanism disposed in this holder is configured 

15 such that a voltage required to chuck the mask may be applied to an electrode of 

electrostatic chuck, in which the mask is pushed at three points m -alom its periphery (preferably, 
equally spaced along tbe-its circumference) for its positioning. The mask chuck mechanism 
comprises two stationary positioning pins and one press-type crank pin. The crank pin is 
designed to achieve an automatic chuck and automatic release, and also to define a conducting 

2 0 point of the-voltage application. 

[00100] It is to be noted that in this illustrated embodiment, the table moving in the left 
and right direction in Fig. 2 has been designated as the X table and the table moving in the up 
and down direction gas-has_been designated as the Y table in Fig. 2, and without any trouble, the 
table moving in the left and right direction may be designated as a Y table and the table moving 

25 in the up and down direction may be designated as an X table. 
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LOADER 

[00101] The loader 60 comprises a first transport unit 61 of a robot system located within 
the housing 22 of the mini-environment unit 20^, and a second transport unit 63 of a robot system 
located within the second loading chamber 42. 
5 [00102] The first transport unit 61 has a multi-joint arm 612 capable of rotating around an 
axial line Oi-Oi with respect to a driving section 611. The multi-joint arm may employ any 
arbitrary structure, and in this embodiment, it includes three parts operatively joined so as to be 
movable rotationally with respect to each other. A first part of the arm 612 of the first transport 
unit 61, which is one of the three parts located in tfee-a,closest position to the driving section 611, 

10 is attached to a shaft 613 which may be driven to rotate by a driving mechanism of known 
structure (not shown) arranged in the driving section 611. The arm 612 can rotate around the 
axial line Oi-Oi with Ae-aid of the shaft 613, while it can be extended or contracted in the-a 
radial direction with respect to the axial line Oi-Oi as a whole unit by a relative rotation among 
the parts. A tip portion of a third part of the arm 612, which is one of those parts located in the 

15 aLfarthest position from the shaft 613, is provide provided w ith a gripping device 616 for 
gripping the mask, which is implemented by a mechanical, electrostatic or other type chuck of 
known structure. The driving section 611 is allowed to move in the up and down direction by 
an elevating mechanism 615 of known structure. 

[00103] In this first transport unit 61, the arm 612 is extended toward either one of the 

20 directions for Ml and for M2 between two cassettes c held in the cassette holder, and one pieee 

e^mask accommodated in the cassette c is placed onto the arm or gripped by the chuck (not 

shown) attached to the tip portion of the arm, so as to be tak e n out of i t removed fi-om the 

cassette . After that, the arm is contracted (into the state shown in Fig. 2), and then is rotated 

and stopped at a position from which it can be extended toward the-direction M3 of the pre- 

2 5 aligner 25. As it is, the arm is again extended so as to place the mask held by the arm onto the 

pre-aligner 25. The arm, after having received the mask from the pre-aligner through the-a 

course inverse to that described above, is fiirther rotated and stopped at a position (M4 
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orientation) in which the arm is allowed to be extended toward the second loading chamber 41, 
where it is extended so as to hand over the mask to a mask receiver 47 within the second loading 
chamber 41. It is to be noted that in case of gripping the mask mechanically, a circumferential 
edge region (a range within about 5 mm from the circumferential edge) of the mask should be 
5 gripped. This is because the mask is entirely patterned (circuit wiring is formed) only 
excluding the circumferential edge region, and g ripping of the mask in that pattemed region 
could cause a bfeak- brcakage or defective part of the -this p attem. 

[00104] Since the second transport unit 63 has basically the same structure as the first 
transport unit, only excluding that tiae-a.transfer operation of the mask is performed between the 
10 mask rack 47 and the loading surface of the sample table, therefore the a^detailed description 
should will b e omitted. 

[00105] In the loader 60, the first and the second transport units 61 and 63 carry out th e 
perform a t ransfer operation of the mask^ as it is held in tbe~a_horizontal state^ from the cassette 
held by the cassette holder onto the sample table 50 located within the working chamber 31 and 
15 vice versa, wherein the-up and down motions of the arms of the transport units are limited only 
to *e-steps where the mask is taken out of removed from and inserted into the cassette, where 
the mask is placed on and taken out of r emoved from the mask rack, and where the mask is 
placed on and tak e n out of r emoved from t he sample table. Therefore, even #ie-transfer of such 
a large mask having a 30cm diameter, for example, can be carried out p erformed smoothly. 

20 

TRANSFER OPERATION OF THE MASK 

[00106] Th e transf e r Transfer operations of the mask from the cassette c. carried by the 
cassette holder^ onto the sample table 50 located in the working chamber 31 will now be 
described sequentially. 

25 [00107] As for the cassette holder 10, a suitable structure may be selectively employed 

therefor, as already set forth, depending on tfee-particular cases including one for the-manual 

setting of the cassette and another for tbe-automatic setting of the cassette. In this embodiment, 
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once the cassette c is set on the elevating table 11 of the cassette holder 10, the elevating table 11 
is lowered by the elevating mechanism 12 and the cassette c is aligned with the access port 225. 
[00108] When the cassette is aligned with the access port 225, the cover (not shown) 
arranged in the cassette is opened, and at the same time, a cylindrical cover is disposed between 
5 the cassette c and the access port 225 of the mini-environment unit so as to block the-an interior 
of the cassette and the-a.space inside of the min e nvironment m ini-environment unit from Ae-an 
external environment. Since known structures may be used for the cover, and the g Ldetailed 
description of #>eii ^these structures and operations sheuld -wiU b e omitted. It is to be noted that 
in the case where the shutter system for opening and closing the access port 225 is arranged in-on 
10 the mini-environment unit 20 side, that shutter system should be actuated to open the access port 
225. 

[00109] On one hand, the arm 612 of the transport unit 61 has been stopped as it is 
oriented to either of the-direction Ml or M2 (the direction of Ml, in this illustration), wherein 
when the access port 225 is opened, the arm is extended to receive one of the masks 

15 accommodated in the cassette by its tip portion. It is to be noted that the position a positional 
adjustment between the arm and the mask to be taken out of removed from t he cassette has been 
executed by the up and down motions of the driving section 611 and the arm 612 of the first 
transport unit 61 in this embodiment, and without any trouble, it may be executed by the up and 
down motions of the elevating table of the cassette holder or by both of them. 

20 [00110] Once the-a_receiving operation of the mask by the arm 612 is completed, the arm 
is contracted and the shutter system is actuated to close the access port (with the shutter system 
installed therein), and then the arm 612 is rotated around the axial line Oi-Oi and is_ready to be 
extended toward the direction M3. As it is, the arm is extended and places the mask loaded on 
its tip portion^ or gripped by the chuck^ onto the pre-aligner 25, which in tum d e t e rmin e the 

25 determines an orientation of the-SLrotational direction (i.e., the-a_direction around the central axis 

line orthogonal to the mask plane) of the mask to be set within a specified range. Once the-this 

aligning operation has been completed, the transport unit 61, after having received the mask from 
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the pre-aligner 25 onto the tip portion of the arm, contracts its arm and takes a posture ready to 
extend the arm toward the direction M4. Then, the door 272 of the shutter system 27 is moved 
to open the access ports 226 and 436, so that the arm 612 is extended and loads the mask into the 
upper step side or the lower step side of the mask rack 47 within the first loading chamber 41. 
5 It is to be noted that as described above, before the shutter system 27 goes into the-an open 
position to allow the mask to be transferred to the mask rack 47, the opening 435 defined in the 
partition wall 434 is closed to be airtight by the door 461 of the shutter system 46. 
[00111] In the course of a^transfer operation of the mask by the first transport unit, as 
described above, a clean air flows down in a laminar flow (as the down flow) fi-om the gas 

10 supply unit 231 arranged in the upper side of the housing of the mini-environment unit so as to 
prevent ^dust from adhering to ^a.top surface of the mask during its transfer operation. A 
portion of the air knthe-surrounding ef-the transport unit (in this embodiment, about 20% of the 
air supplied from the supply unit, mainly a contaminated air) is sucked through the suction duct 
241 and exhausted to the outside of the housing. Remaining A remaining p ortion of the air is 

15 recovered via the recovery duct 232 disposed in the bottom of the housing and returned back to 
the gas supply unit 23 1 . 

[00112] Once the mask has been loaded in the mask rack 47 within the first loading 
chamber 41 of the loader housing 40 by the first transport unit 61, the shutter system 27 is 
actuated into the closed position to enclose the loading chamber 41. As it is, the first loading 

20 chamber 41 is filled with an inactive gas to purge the air, and after that the inactive gas is also 
exhausted to bring the interior of the loading chamber 41 into the vacuum atmosphere. The 
vacuum atmosphere of the first loading chamber may be set at a low vacuum level. Once a 
certain degree of vacuum has been obtained in the vacuum chamber 41, the shutter system 46 is 
actuated to open the access port 434, which has been closed to be airtight by the door 461, and 

2 5 the arm 632 of the second transport unit 63 is extended and receives one pi e c e of mask fi-om the 

mask receiver 47 using the gripping device located in the tip portion thereof (with the mask 

loaded on the tip portion or gripped by the chuck attached to the tip portion). After ^be-tlus 
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receiving operation of the mask havifti^ has been completed, the arm is contracted, and the 
shutter system 47 is again actuated to close the access port 435 by the door 461. It is to be 
noted that before the shutter system 46 is actuated to open the door 461, the arm 632 takes a 
posture ready to extend toward the direction Nl of the mask rack 47. Further, as set forth 
5 before, prior to the opening operation of the shutter system 46, the access ports 437 and 325 have 
been closed by the door 452 of the shutter system 45 to block tbe-conmiunication between the 
interior of the second loading chamber 42 and the interior of the working chamber 31 in the-an 
airtight condition, and the second loading chamber 42 is vacuum evacuated. 
[00113] When the shutter system 46 has closed the access port 435, the second loading 

10 chamber is again vacuum evacuated and ultimately brought into the-a__vacuum at a higher 
vacuum level than that in the first loading chamber. During this period, the arm of the second 
transport unit 63 is rotated to a position in which it is allowed to extend toward the sample table 
50 of the working chamber 31. On one hand, in the sample table within the working chamber 
31, the Y table 52 is moved in the upward direction in Fig. 2 until the~centerline Xq-Xq of the X 

15 table 53 comes into alignment v^th tfee-X-axis line Xi-Xi crossing ti^rotational axial line O2-O2 
of the second transport unit 63, while at the same time the X table 53 is moved to a position 
closest to tbe-aLleftmost position in Fig. 2 and stands by in this state. When the second loading 
chamber has been brought into the approximately same level of vacuum condition as the working 
chamber, the door 452 of the shutter system 45 is actuated to open the access ports 437, 325, and 

2 0 the arm is extended so that the tip portion of the arm holding the mask comes near to the sample 
table of the working chamber 31. Then, the mask is loaded on the loading surface 551 of the 
sample table 50. When the -this loading operation of the mask has been completed, the arm is 
contracted, and the shutter system 45 closes the access ports 437 and 325. 
[00114] In the above description, the steps of operation to be taken -performed until the 

2 5 mask in the cassette c is successfully transferred onto the sample table has been explained, and in 

order to retum ^ie-a_mask that has been loaded efl -onto t he sample table and finished with ti^e-a 

process back into the cassette c, the above-described steps should be performed in the-an inverse 
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sequence for a^retuming operation. Further, in order to keep a plurality of masks carried in the 
mask rack 47, during the-a_mask transfer operation between the mask rack and the sample table 
by the second transport unit, fee -this t ransfer operation of the mask -masks m ay be carri e d out 
performed b etween the cassette and the mask rack by the first transport unit, thereby allowing the 
5 an_inspection process to be carri e d out perfomied m ore efficiently. 

[00115] Specifically, if the mask rack 47 of the second transport unit contains both the-^ 
already-processed mask "A" and unprocessed mask "B", 

(1) at first, the unprocessed mask B is transferred to the sample table 50, and #ie 
processing is started; and 

1 0 (2) during this processing, the processed mask A is transferred from the sample table 50 

to the mask rack 47 by the arm, and the~unprocessed mask C is picked up from the mask rack 
similarly by the arm, properly aligned by the pre-aligner and then transferred to the mask rack 47 
of the loading chamber 41 . 

[00116] Through this operation, during processing of the mask B, the already-processed 

1 5 mask A can be replaced with the unprocessed mask C in the mask rack 47. 

[00117] Further, depending on #ie-application of such an apparatus for providing an 

inspection and/or an evaluation, a plurality of sample tables 50 may be arranged in parallel, in 

which #ie-aLmask is transferred fi-om a single mask rack 47 to each one of the tables, thereby 

enabling a plurality of masks to be similarly processed in parallel. 

20 [00118] Fig. 6 shows a variation 30b of a method for supporting a main housing. In the 

variation illustrated in Fig. 6, a housing main body 32b and a loader housing 40b are suspended 

fi-om a frame structure 336b of a housing supporting device 33b so as to be supported thereby. 

Bottom ends of a plurality of vertical frames 337b secured to the frame structure 336b are fixed 

to four comers of a bottom wall 321b of the housing main body 32h^ respectively^ so as to 

25 support circumferential walls and a top wall by that bottom wall. In addition, a vibration 

isolation device 37b is disposed between the frame structure 336b and a table frame 36b. 

Further, a -the loader housing 40b is also suspended by a suspender member 49b fixed to the 
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frame structure 336b, In the variation of the housing body 32b illustrated in Fig. 6, since the 
components are supported in a suspended manner, th e refor e th e g Lcenter of gravity of an entire 
unit including the -this m ain housing and many different devices provided therein can be kept low. 
In the supporting systems for the main housing and the loader housing including the variation, 
5 each system is designed to prevent tfee-vibration from Sie~a_floor from being transmitted to the 
main housing and the loader housing. 

[00119] According to another variation, though not shown, only the housing main body of 
the main housing is supported from the-an under side by the housing supporting device, but the 
loader housing may be mounted on the floor in the same manner as that used for the mini- 
10 environment unit. Further, according to still another variation, though not shown, only the 
housing main body of the main housing is suspended from the frame structure to be supported 
thereby, but the loader housing may be mounted on the floor in the same manner as that used for 
the mini-environment unit. 

[00120] According to the above embodiments, the following effects could be expected. 
15 [00121] (a) An entire configviration of an inspection apparatus for an image projecting 
method using an electron beam can be obtained, in which a subject to be inspected can be 
processed with a high throughput. 

[00122] (b) Since #ie-flow of clean air is supplied over the subject to be inspected within 
the space of the mini-environment unit to prevent the-dust adhesion^ and also #>e -since a sensor is 
20 provided therein for observing the-cleanliness of the space, ti^inspection of the subject can be 
carried o n performed while monitoring the-dust in the space. 

[00123] (c) Since the loading chamber and the working chamber are supported 
collectively via the vibration isolation device, th e r e fore the supply of the subject onto the sample 
table and Sie-inspection thereof can be carri e d out performed w ithout any effects from Sie-an 
2 5 external environment. 
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ELECTRON BEAM SYSTEM 

[00124] A detailed embodiment of the electron beam system 70 (see Figs. 1 and 6) 
disposed in the main housing 30 or 30b is shown in Fig. 7. Referring to Fig. 7, an irradiating 
optical system 710 equipped with an electron gun 711 for irradiating a mask M, such as a stencil 
5 mask 800, prepared as a sample is arranged in a lower side, and above this irradiating optical 
system 710 is located the stencil mask 800 loaded on the sample table 50, above which #ie-a 
detector 770 for detecting an electron beam passed through this stencil mask is located. An 
embodiment, which will be described below, represents an embodiment in which the electron 
beam is irradiated upward from the electron gun 711 located in the lower portion. It is a matter 

10 of course that an alternative embodiment, in which the electron gun is arranged in an upper 
location and the electron beam is irradiated downward, may also be employed. 
[00125] As an electron gun is used a thermionic emission type of electron gun 711 which 
is activated to emit electrons by heating an electron emission material (cathode) 711a. 
Lanthanum hexaboride (LaBe) is employed as the electron emission material (emitter) serving as 

1 5 the cathode. Any other materials may be used as4iaf -so long a s they have a high fusion point (a 
low vapor pressure at high temperature) as well as a small work function. In this illustrated 
embodiment, the electron gvm 711 comprises a single-crystal LaBe cathode 711a having a tip of 
such a small radius of curvature as 15 pmR, which is operative imder a space-charge-limited 
condition, thereby allowing ^^an electron beam having a higher intensity and a lower shot noise 

20 to be emitted. 

[00126] Further, by setting a distance between #ie-Wehnelt 711b and an anode 71 Ic to be 
at least equal to or long e r than 8 mm^ and additionally determining a condition of tbe-an electron 
gun current to achieve a high brightness, thenr-the brightness can reach te-a value greater than 
Langmuir limit. 

25 [00127] In this context, preferably the electron gun 711 in this embodiment comprises the 

thermionic emission cathode 711a and is operable under the space-charge-limited condition. 

Alternatively, such an electron gun 711 with a small electron source image having an FE (Field 
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Emitter), a TFE (Thermal Field Emitter) or a Schottky cathode may be used as the electron gun 
711. It is to be noted that the "space-charge-limited condition" refers to such a condition that 
Ae-aLcathode temperature is increased to be h igher than a certain temperature where an emission 
amount of the electron beam is less susceptible to #>e~an effect from the cathode temperature. 
5 [00128] A first shaping aperture 713 and a first electron lens 715 are disposed along the-a 
direction of Ae-irradiation of the electron gun 711 (in the upward direction i n the drawin g Fig. 7) . 
The first electron lens 715 focuses an image of the electron beam that has passed through the 
first shaping aperture 713 onto a second shaping aperture 719 (which will be described later). 
A first deflector 717 is arranged itt-at a location above the first electron lens 715 so as to 
1 0 surround an irradiation path of the electron beam. In addition, above the first deflector 7 1 7, the 
second shaping aperture 719, a first condenser lens 721 and a third shaping aperture 723 are 
disposed in this order, and also a second deflector 725 is arranged surrounding the third shaping 
aperture 723. 

[00129] The electron beam emitted from the electron gun 711 forms a variable shaped 
1 5 beam that has been configured into a desired shape by passing through the first shaping aperture 
713 and the second shaping aperture 719, which in turn irradiates an area at a certain moment in 
the-a_region to be inspected on the stencil mask 800. To explain this more specifically, the 
electron beam that has passed through the first shaping aperture 713 is deflected by the deflector 
717, thereby changing the-an irradiating position to the second shaping aperture 719, thus 
20 enabling the electron beam to be formed into the desired shape. Specifically, it is preferable to 
allow an elongated rectangular shape of an electron beam having a predetermined area to be 
formed. However, a square shape of the electron beam may also be formed. 
[00130] Thus in the present embodiment, the-an irradiation area can be adjusted by tuning 
the first deflector 717, and alternatively the first and second shaping apertures 713 and 719 may 
25 be substituted with a plurality of apertures of different size -sizes so as to adjust the irradiation 
area mechanically. 

[00131] It is to be noted that the Koehler illumination system has been employed in the 
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drawing as a system for illuminating the mask, and without any trouble, tbe-a critical 
illumination system may also be employed therefor. 

[00132] As described above, preferably the irradiating optical system 710 of the present 
embodiment comprises at least one shaping aperture 713, 719 and is designed such that the-an 
5 image of the shaping aperture is formed on the-a^surface of the stencil mask 800. Further, it is 
also preferable that a plurality of such shaping apertures 713, 719 is provided in the vicinity of an 
optical axis 801, wherein the area of irradiation on the stencil mask 800 prepared as the sample is 
made variable by changing Ae-an.overlap b e tw ee n those of these shaping apertures 713, 719. 
[00133] The above-described third shaping aperture 723 serves for improving a 

1 0 coUimation of the electron beam illuminating the stencil mask 800, and accordingly, the~-a 
crossover image formed by the electron gun 711 is focused on this third shaping aperture 723. 
The second deflector 725 serving as tbe-a_scanning means is a deflector required in such a 
situation where a main field of view is virtually divided, the-an illumination area is scanned in a 
step-and-repeat manner or continuously, and an image field curvature aberration and an 

1 5 astigmatism of the optical system after ^transmission through the stencil mask 800 should be 
compensated for in response to a position of the-scanning. To explain this point in more detail, 
the second deflector 725 scans a position of the electron beam on the mask in the step-and-repeat 
manner or continuously. For example, a primary electron beam is controlled to make a 
scanning motion in the +X direction and -X direction by the second deflector 725. In this case, 

20 the sample table 50 carrying the mask 800 is displaced in the +Y direction and -Y direction. 
By way of this, the mask &S -800 can be scanned entirely. In order to compensate for tbe-a_field 
curvature aberration and tihie-astigmatism, a condition of a voltage to be applied to fliie-doublet 
lens 731 (tfee-electron lenses 731a, 731b located downstream te-of the mask 800) should be 
changed in response to the-a_j50sition of the electron beam. For example, in order to 

2 5 compensate for the field curvature aberration, when the electron beam is on the optical axis, the 

voltage to be applied to the lens is increased to make a focal length shorter, and when the 

electron beam is away from the optical axis, the voltage to be applied to the lens is decreased to 
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make the focal length longer. 

[00134] The second deflector 725, even if it is not used for applying above compensation, 
still can be used to scan across the surface of the stencil mask 800 and obtain its SEM image, 
thus carrying out tho performing registration. For providing such a registration, preferably the 
5 detector 727 is provided m-on the electron gun 711 side of the stencil mask 800, so that 
secondary electrons which are emanated by S^e-impingement of the electron beam (in other 
words, the~a_primary electron beam) te -against t he stencil mask 800^ or back-scattered electrons 
which are reflected therefrom^ can be detected by the detector 727. 

[00135] It is to be noted that^ alternatively^ ^le-crossover image of small diameter may 

10 be formed on the sample surface of the stencil mask 800 so as to scan it by changing tfee-SLfocal 
length of either one of the different lenses (715, 721). Still in another altemative way, Ae-an 
overlapped area b e tween of the first and the second shaping apertures (713, 719) may be reduced 
to form an electron beam having a smaller diameter, and iLthus formed electron beam may be 
used to carry out the perform scanning as well as the-registration. 

15 [00136] Preferably, the irradiation area of the electron beam irradiating the stencil mask 
800 of the sample after having passed through the above described shaping apertures 713 and 
719 may be formed in an elongated rectangular shape having long sides and short sides. Herein, 
the second deflector 725 is involved in displacing the irradiation area in the-a^direction of the 
long sides, and the sample table 50 is moved in the-a.direction of the short sides to thereby eafry 

20 euf -perfbrm a serial displacement of the irradiation area in the direction of short sides. Since 
S^e-inspection is carri e d out p erformed w hile moving the sample table continuously, the 
inspection can be achieved with high throughput even with a narrow field of view. 
[00137] The electron beam irradiating the stencil mask 800 (its main beams are 
represented by Bl, B2 and B3 in the drawing) may be controlled to make -perform a scanning 

2 5 operation in the step-by-step manner or continuously. 

[00138] The first doublet lens 731 is disposed itt-aLa location above, or in other words 
downstream of the stencil mask 800, wherein the first doublet lens 731 comprises two electron 



lenses 731a and 731b. An NA aperture 733 is disposed between two lenses of the first doublet 
lens 731. A second doublet lens 735 is disposed above the first doublet lens 731, and fiirther a 
the detector 770 is disposed downstream te-ofthe second doublet lens 735. 
[00139] The second doublet lens 735 consists of two electron lenses 735a and 735b. 
5 [00140] The electron beam having passed through the stencil mask 800 expands at an 
angle (clarified as Ae-code a in the drawing) corresponding to tbe-an angular aperture a' of the 
irradiation and enters the first doublet lens 731. At that time, #je-electrons scattered at *e-a 
side face of the stencil mask 800 are removed by the NA aperture 733. Further, for #ie 
inspection of tiw-a.mask having a pattem formed on a thin membrane, such as an X-ray mask, 

1 0 there is an effect inherent to this NA aperture that can remove tbe~an electron beam that has been 
scattered at a large angle on the membrane. After having passed through the first doublet lens 
731, a transmission image of the stencil mask is formed. An area where this transmission 
image is formed is represented as a transmission image forming area 737, The -This formed 
transmission image is fiirther magnified by the second doublet lens 735 and irradiated onto the 

15 detector 770. 

[00141] The detector 770 comprises a-an_MCP (Multi-Channel Plate) 771 and a-an FOP 
(Fiber Optical Plate) 775 as an irradiation lens system. The MCP 771 is followed by the FOP 
775 along the-a^direction of Ae~irradiation of the electron beam (in the upward direction in tihte 
dfawift^Fig^). The detector 770 fiirther comprises a vacuum window 777 as the irradiation 

20 lens system, an optical lens 779 as a relay optical system and a TDI detector 781 as a detection 
sensor having a plurality of pixels. The transmission image of the stencil mask magnified by 
the second doublet lens 735 is irradiated to the MCP 771 as magnified by about 1,000 times, and 
accordingly^ this magnified image by about 1,000 time -times is formed on the MCP 771. This 
magnified image is multiplied at the MCP 771, and the electron beam forming the image thus 

25 multiplied by the MCP 771 is converted into an image of light by a scintillator applied on a 

sample side surface of the FOP 775. This image is taken out of removed from t he atmosphere 

through the vacuimi v^ndow 777, reduced in scale by an optical lens 779 and formed into an 

- 30 - 



image on the TDI detector 78 1 . It is to be noted that in the form employing the optical lens 779, 
the FOP may not necessarily be used. 

[00142] According to the above-described configuration, the present optical system, in 
which the irradiation beam and the transmission beam do not follow tbe-a,common optical path, 
5 can improve significantly a blur of the transmission beam caused by the-2Lspace charge effect, as 
compared to #ie-aLsystem in which #ie-a_primary electron beam is emitted above fi-om tite 
diagonally a diagonal a bove-direction and then deflected by using an E x B separator so as to 
normally enter the sample, and the~a_secondary electron beam follows the-an optical path 
common with tbe-an incident optical path of the primary electron beam. Since the-electrons 
10 that has- have p assed through the stencil mask contributes nearly 100% to tbe-image forming, 
tli e refore a signal having a good S/N ratio can be obtained. 

[00143] The electron beam system according to the present embodiment can be used to 
detect a defect in the stencil mask 800 or the sample based on Ae-electrons detected by the 
detector 770. 

1 5 [00144] As described above, in the present embodiment, the electron beam that has passed 
through the sample is magnified by the electron lens (the doublet lens 73 1, 735), which is in tum 
detected by the detector 770 having a plurality of pixels to thereby form the image of the sample. 
Further, the present embodiment is characterized in that the electron beam irradiating the 
detector 770 has a good coUimation, in which as a specific configuration to achieve this good 

2 0 property, the NA aperture 733 is disposed between the two lenses of the first doublet lens 73 1 m 
aLa location where the principal principle fay -ravs BK B2 and B3 are crossed with one another. 
Then, the electron beam having passed through this NA aperture 733 is irradiated onto the 
detector 770. 

[00145] A preferred embodiment with the NA aperture 733 arranged therein is specified in 

25 a form having two stages of doublet lens 73 1 and 735, and a single pi e c e of shaping aperture (the 

second shaping aperture 719), wherein the-main electron beams (Bl, B2, B3) exiting from the 

shaping aperture are irradiated in parallel against the sample (the stencil mask 800). Further, 
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the irradiating optical system 710 has an entrance pupil for the MCP 771 and the vacuum 
window 775 as the irradiation lens system in the entrance pupil 723, and tha-an electron source 
image is formed in this entrance pupil 723. 

[00146] In a preferred embodiment of the present invention, a magnification of the doublet 
5 lenses 73 1 and 7 ^735 m ay be made variable in response to tfee"a.size of the irradiation area of 
the electron beam. A specific configuration for making the magnification variable can be 
implemented in such forms that the doublet lens is exchanged, that in a set of doublet lens, a 
distance between S^aLfront lens and the-a_rear lens is adjusted, or that a distance between Sie-a 
first doublet lens and ^a.second doublet lens is adjusted. 
1 0 [00147] As the-a,detection sensor in the detector 770, a CCD detector (a CCD sensor) may 
be used, and it is also possible that the size of the image to be created by the scintillator is 
adjusted by the optical lens 779 and then th«s-this.adjusted image is formed on the-a_CCD plane 
in the CCD detector. Advantageously, using the CCD detector enables the-manufacturing at a 
low cost. 

15 [00148] A preferred configuration of the electron beam system in the present invention 
will now be described below. 

[00149] (1) The electron gun 711 is disposed below the sample, while the detector 770 is 
disposed above the sample. 

[00150] (2) A plurality of magnifying lenses for magnifying the electron beam is arranged 

20 between the electron gun 711 and the detector 770. In the above embodiment, two sets of 

doublets lens (731, 7WJ735) are arranged. Herein, *e-a.doublet lens should be used as the lens 

for magnifying the electron beam having passed through the sample at first. In the above 

embodiment, the first doublet lens 731 serves as this lens. Because of this arrangement, a 

transverse chromatic aberration and distortion are compensated for, thereby allowing the-an 

2 5 image with a reduced blur and distortion to be obtained, 

[00151] (3) In the detector 770, the MCP 771 and the scintillator formed on the sample 

side of the FOP 775 are disposed in the-a.vacuum, and behind them, the vacuum window 777, 
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the optical lens 779 as the relay optical system, and the detection sensor (the CCD detector, the 
TDI detector 781) are arranged in this sequence. 

[00152] (4) In the detector 770, the relay optical system and the CCD detector, or the relay 
optical system and the TDI detector are disposed in the-aLvacuxmi. Further, in the embodiment 
5 of the present invention, the whete -entire u nit of the electron beam system or the whole e ntire 
imit of the detector 770 may be disposed in Sie-a^vacuvmi. 

[00153] (5) As the detection sensor in the detector 770, the EB-CCD detector or the EB- 
TDI detector may be employed. 

[00154] (6) In the electron beam system, since ^signals are received from a plurality of 
10 pixels simultaneously, even if each pixel is controlled to actuate at 100 KHz, an equivalent 
frequency of the system is greater than 200 MHz as a result of simultaneous reception of the 
signals from the-2000 pixels. 

[00155] (7) In the one electron beam system, a plurality of irradiation optical syst e m 
systems 700 and a plurality of detectors 770 are provided, with each irradiation system bemg in 
1 5 association with each detector, so as to detect defects in tihie-a_sample. 

VARIATION OF THE INSPECTION APPARATUS 

[00156] Fig. 8 shows a general configuration of a defect inspection apparatus according to 
a variation of the present invention. 

20 [00157] This defect inspection apparatus represents an inspection apparatus using the 
electron beam system 70 described above (Fig. 7). This inspection apparatus consists of a 
control section 1016 shown m-on a right hand side in Fig. 8^ and the electron beam system 70 
shown i«-on_the left hand side in Fig. 8. Similarly to Fig. 7, the electron beam system 
comprises an irradiation optical system 710 including an electron gun 711 for emitting an 

2 5 electron beam disposed in a lower portion, above which a stencil mask 800 and a sample table 50 

for carrying the mask are disposed. The system fiirther comprises doublet lenses 73 1 and 73^ 

735 as a magnifying lens for magnifying #te-an emitted electron beam, and also a detector 770 
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disposed at tbe-a_top-most location. Herein, this detector 770 is connected to ar-the control 
section 1016 which controls the entife-system in its entirety, and also executes a process for 
detecting any defects in the stencil mask 800 based on an electron image detected by the detector 
770. 

5 [00158] The detector 770 may have any arbitrary configuration as far so long as it can 
convert flie-aLformed electron image into a signal that can be processed in a subsequent step. 
For example, as shown in detail in Fig. 9, the detector 770 may consist of a scintillator screen 
772, a relay optical system 773, and an image sensor 775 composed of a plurality of CCD 
elements. The scintillator screen 772 emits light by electrons and thus converts the electrons to 
10 a-light. The relay lens 773 guides this light to the CCD image sensor 775, where the CCD 
image sensor 775 converts an intensity distribution of electrons on tfee-a.surface of the stencil 
mask 800 into an electric signal or digital image data for each element, which is in tum output to 
the control section 1016. 

[00159] The control section 1016 may comprise a general purpose personal computer or 

15 the like, as shovra in Fig. 8 by way of example. This computer comprises a control section 

main part 1014 for executing a variety of control and arithmetic operations according to a 

specified program, a CRT 1015 for indicating a resuh of the~an operation of the main part 1014, 

and an input section 1018, such as a key board or a mouse, for an operator to input a command, 

while v^thout any trouble, the control section 1016 may be composed of ar^hardware dedicated 

2 0 for tha-sLdefect inspection apparatus or a work station. 

[00160] The control section main part 1014 may consist of a CPU, a RAM, a ROM, a hard 

disk, a variety of substrate substrates such as a video substrate and the like. An electronic 

image storage area 1008 for storing tfee-electric signals received from the detector 770^ or tbe-a 

digital image data of the electron image that has passed through the stencil mask 800^, is allocated 

25 on a memory such as the RAM or the hard disk. Further, the hard disk includes a reference 

image storage section 1013 for storing in advance a reference image data of a normal sample 

(stencil mask) having no defect. Yet further, on the hard disk, in addition to the control 
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program for controlling the entire defect inspection apparatus, there is stored an-a^defect 
detection program 1009, which reads out the-electron image date -data from the storage area 1008^ 
and based on the image data, automatically detects a defect in the stencil mask 800 according to 
a specified algorithm. This defect inspection program 1009, as will be described in detail later, 
5 has a function for executing a matching operation between the-a_reference image read out of the 
reference image storage section 1013 and ^ie-an actually detected electron beam image so as to 
automatically detect a defective area, wherein if it is determined that ^le-a^defect is existing, then 
a warning display is indicated for the-arLoperator. In this step, the electron image 1017 may be 
displayed on a display section of the CRT 1015, 

10 [00161] Then, aB-operation of the defect inspection apparatus according to the above 
embodiment will now be described by taking a flow chart shown in Figs. 10 to 12 as an example. 
[00162] At first, as shown in a main routine of Fig. 10, the stencil mask 800 or a subject of 
inspection is set on the sample table 50 (Step 1300). This may be performed such that every 
one of a number of masks stored in the loader is set one by one onto the sample table 50 

1 5 automatically, as described above. 

[00163] Then, a plurality of images of areas to be inspected, which are overlapped 
partially with one on another while being displaced from one another on the XY plane of the 
stencil mask 800 surface, is obtained separately (Step 1304). The -This plurality of areas to be 
inspected, the-images of which should be taken, represents, for example, rectangular areas 

20 designated by the reference numeral numerals 1032a> 1032b, ... 1032k, ... on the-mask 
inspection area 1034, as shown in Fig. 13, which are clearly shown to be partially overlapped but 
displaced from one another around the-an inspection pattern 1030 of the mask. For example, as 
shown in Fig. 14, sixteen sets of images 1032 of the-areas to be inspected (i.e., the-an inspection 
subject image) may be obtained. Herein, in the image -images shown in Fig. 14, a rectangular 

25 square box corresponds to one pixel (or possibly a block unit larger than fee- one p ixel), and 

black painted square boxes corr e sponds correspond t o an image portion of the~a.pattem on the 

stencil mask 800. Th^A detailed description of this step 1304 will be provided later with 

- 35 - 



reference to a flow chart of Fig. 1 1 . 

[00164] Subsequently, tfee-ajplurality of image data of the areas to be inspected which 
have been obtained in Step 1304 are compare s compared for matching respectively to 
reference image data (pattem data) stored in the storage section 1013 (Step 1308 of Fig. 10), 
5 thereby determining whether or not a defect is existing on tfee-a^mask inspection surface 
encompassed by the plurality of areas to be inspected. In this step, a^so-called matching 
operation between image data is executed, which will be described in detail later with reference 
to a flow chart of Fig, 12. 

[00165] If it is determined from the-a_resuh of Step 1308 that the~a.defect is existing in the 
10 mask inspection surface encompassed by the plurality of areas to be inspected (Step 1312 
positive determination), an alarm of existence of the defect is given to fee-an operator (Step 

1318) . As for a method for giving the alarm, for example, a message indicating tbe-existence of 
the defect may be displayed on the display section of the CRT 1015, and additionally an enlarged 
image of th^pattem 1017 including the defect may be displayed at the same time. Such a 

15 defective mask should be removed out of from a sample chamber 31 so as to be stored in a 
different storage from that for #j^masks having no defect (Step 1319). 

[00166] As a result of the comparing operation in Step 1308, if it is determined that there 
is no defect in the stencil mask 800 (Step 1312 negative determination), it is fiirther determined 
whether or not there is still other areas to be inspected on the stencil mask 800 under inspection 

20 (Step 1314). If there is-still left th e r emains areas to be inspected (Step 1314 positive 
determination), then the sample table 50 is driven to displace the stencil mask 800 so that other 
areas to be inspected are brought into the-an irradiation area of the electron beam (Step 1316). 
After that, the process returns back to Step 1302, and tfee-similar operations are repeated te-for 
those other areas to be inspected. 

25 [00167] If there is no area to be inspected left- remaining on the stencil mask 800 (Step 
1314 negative determination) or after the removing stop r emoval of the-a_defective mask (Step 

1319) , it is determined whether or not the stencil mask 800 that is currently under inspection is 
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the last mask, or whether or not there is any un-inspected mask remaining in the loader, though 
not shown (Step 1320). If i ^this mask is not the last mask (Step 1320 negative determination), 
then an_already inspected mask is stored in a predetermined storage, and a new nn-inspected 
mask is instead set on the sample table 50 (Step 1322). After that, the process returns back to 
5 Step 1302, and ^^e-similar operations are repeated en-for that mask. If fea ^the mask is the last 
mask (Step 1320 positive determination), the already inspected mask is stored in the 
predetermined storage, thus completing whele -an entire course of operations. 
[00168] Then, the-process flow of Step 1304 will be described with reference to the flow 
chart of Fig. 11. 

1 0 [00169] In Fig. 1 1 , first of all, an image number "i" is set to an initial value 1 (Step 1330). 
This image number is an identification number that has been given to each one of a plurality of 
images of areas to be inspected in sequence. Then, #^an image position (Xi, Y,) is determined 
for tbe-an area to be inspected of the set image number i (Step 1332). This image position is 
defined as a specific position within the area for bounding the area to be inspected, for example, 

15 as a central location of the area. Currently, i=l, indicating tbe-an image position of (Xi, Yi), 
corresponds to the~a^central location of the-an inspection area 1032a, for example, as shown in 
Fig. 13. All of the image positions for the image areas to be inspected have been determined in 
advance, for example, stored on the hard disk of the control section 1016 and are read out in Step 
1332. 

2 0 [00170] Subsequently, a certain potential is applied to the second deflector 725 so that the 
electron beam passing through the second deflector 725 (see Fig. 7) of the irradiation optical 
system 710 of Fig. 8 can be irradiated onto the image area to be inspected at the image position 
(Xi, Yi) determined at Step 1332 (Step 1334 of Fig. 11). 

[00171] Next, the electron beam is emitted from the electron gun 711 and irradiated onto 

25 the surface of the set stencil mask 800 (Step 1336). At that time, the electron beam is deflected 

by an electric field generated by the second deflector 725 and irradiated over the-an entire image 

area to be inspected at the image position (Xj, Yi) on the mask inspection surface 1034. If i=l, 
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the area to be inspected is represented by 1032a. 

[00172] The electron beam having passed through the stencil mask 800 is formed into an 
image on the detector 770 with a predetermined magnification by the double lenses 731 and 737. 
The detector 770 detects the- this imaiged electron beam, converts it into fee-an electric signal or 
5 the-SLdigital image data for each detector element, and outputs thus converted signal or data (Step 
1338). Then, the detected digital image data of the image number i is transferred to the 
electronic image storage area 1008 (Step 1340). 

[00173] Subsequently, the image number i is incremented by 1 (Step 1342), and it is 
determined whether or not the — this incremented image number (i+1) is greater than a 

10 predetermined constant value Imax (Step 1344). This Imax represents th€-a_number of 
inspection images to be obtained, which is "16" in the illustrated example of Fig. 14. 
[00174] If the image number i is not greater than Imax (Step 1344 negative determination), 
then the process returns back to Step 1332 again , and the image position (Xi+i, Yj+i) is again 
determined for the incremented image number (i+1). This image position defines a position 

15 moved from the image position (Xi, Yj) determined at #ie~aj)revious routine by predetermined 
distance (AXi, AYO in the X direction and/or the Y direction. In the example of Fig. 13, the 
inspection area corresponding to the incremented image number is located ea-aLthe position (X2, 
Y2) moved from the inspection area (Xi, Yi) only in the Y direction, defining a rectangular area 
1032b indicated by the broken line. It is to be noted that a value of (AXi, AYi) (i=l , 2, . . . iMAx) 

2 0 may have been determined appropriately based on the data indicating empirically how much the 
pattern 1030 of the mask inspection surface 1034 is actually displaced from the-a.field of view of 
the detector 770 as well as based on the number and area of the inspection areas. 
[00175] Accordingly, the operations defined in Step 1332 through Step 1342 are 
sequentially repeated on the Imax pieces of the inspection areas. Those inspection areas are 

25 displaced in a partially overlapped manner on the inspection surface 1034 of the stencil mask 
800 so that the image position after the-"k" times of displacement (Xk, Yk) defines the image area 
to be inspected 1032k, as shown in Fig. 13. In this way, 16 pieces of the image data to be 



inspected as illustrated in Fig. 14^ by way of example, is obtained in the image storage area 1008. 
A plurality of obtained images of the areas to be inspected 1032 (the-images to be inspected) are 
shown to include a part or the entirety of the image 1030a of the pattem 1030 on the mask 
inspection surface 1034, as exemplarily illustrated in Fig. 14. 
5 [00176] If the incremented image number i is greater than Imax (Step 1344 positive 
determination), the process exits from this sub-routine and returns back to the comparing step 
(Step 1308) of the main routine of Fig. 10. 

[00177] It is to be noted that the image data that has been transferred to the memory in 
Step 1340 consists of an intensity value of electron for each pixel (so-called raw data) detected 

10 by the detector 770, and these data may be processed with a variety of arithmetic operations and 
stored in the storage area 1008 allowing for the~a.matching operation with the reference image in 
the subsequent comparing step (Step 1308 of Fig. 10). Such an arithmetic operation includes, 
for example, a normalizing operation for making the size and/or density of the image date -data 
matched to the size and/or density of the reference image data, as well as the-an operation for 

15 removing a group of isolated pixels imder the-sLthreshold pixel number as the-noise. Further, 
the data may be compressed and converted into a feature matrix having features of the-a_detected 
pattem extracted within an allowable range so as n ot to degrade the-precision of detection of a 
highly sophisticated pattem, rather than being left as the-simple raw data. Such a feature matrix 
includes, for example, an m x n feature matrix, in which a two-dimensional area to be inspected 

2 0 consisting of M x N pixels is divided into m x n (m < M, n < N) blocks comprising matrix 
components each made up of a sum of intensity values of secondary electrons of the pixels 
included in respective blocks (or a normalized value determined from the sum divided by a total 
number of pixels in the-an entire area to be inspected). In this case, the reference image data 
should also be stored in the same form of representation as that. The image data referred to in 

2 5 the embodiment of the present invention includes not only the simple raw data but also the image 
data processed with a feature extraction by using a desired algorithm in such a way as described 
above. 
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[00178] Next, tke-flow of the process of Step 1308 will be described in accordance with 
the flow chart of Fig. 12. 

[00179] First of all, the CPU of the control section 1016 reads the reference image data 
from the reference image storage section 1013 (Fig. 8) onto a working memory such as the RAM 
(Step 1350). This reference image is indicated by reference numeral 1036 in Fig. 14. Then, 
the image number i is reset to 1 (Step 1352), and the image data to be inspected for the image 
number i is read out of the storage area 1008 onto the working memory (Step 1354). 
[00180] Then, the read-out reference image data is matched with the data for the image i, 
and the-distance value Di between both data is calculated (Step 1356). This distance value Di 
represents a similarity between the reference image and the image i to be inspected, wherein a 
larger distance value indicates a greater difference between the reference image and the image to 
be inspected. As for this distance value Dj, any quantities so far as they can indicate the 
similarity may be employed. For example, for the-aLcase where the image data comprises the M 
X N of pixels, fee-secondary electron intensity (or the-a_feature quantity) of each pixel may be 
considered as an each position vector component in an M x N dimensional space, and in that case, 
Euclidean distance or a correlation coefficient between the reference image vector and the image 
i vector in this M x N dimensional space may be calculated. It is a matter of course, the-a 
distance other than the Euclidean distance, for example, so-called urban area distance may be 
calculated. Further, from the fact that with fee-a^reater number of pket pixels , the-a^scale of 
fee~an__arithmetic operation will be enormous, it would be rather preferable to calculate the 
distance between the image data sets represented by the m x n feature vector as mentioned above. 
[00181] Subsequently, it is determined whether or not the calculated distance value D\ is 
smaller than the predetermined threshold value "Th" (Step 1358). This threshold value Th may 
be experimentally determined as a reference for determining a sufficient match between the 
reference image and the inspected image. 

[00182] If the distance value Di is smaller than the threshold value Th (Step 1358 positive 

determination), it is determined that the inspected area of interest 1034 on the stencil mask 800 
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has "no defect" (Step 1360), and the process exits from the present sub-routine to return back. 
Specifically, if at least one image from among the inspected images that is approximately 
identical with the reference image is encountered, it is determined that there is "no defect". In 
this way, since there is no need to mak e the perform a matching operation with-for every one of 
5 the inspected images, a quick determination will be feasible. In the case of Fig. 14, it is obvious 
that tbe-an inspected image defined at row 3 and column 3 is approximately identical with th«-a 
reference image Mdthout displacement relative to the reference image. 

[00183] If the distance value Di is greater than the threshold value Th (Step 1358 negative 
determination), the image number i is incremented by 1 and the image number (i+1) is defined as 
10 new image number i, (Step 1362), and then it is determined whether or not the new image 
number i is over a certain value Imax (Step 1364). 

[00184] If the new image number i is not greater than Imax (Step 1364 negative 
determination), the process returns to Step 1354 to read the image data for the new image 
number i, and ti^e-similar operations are repeated. 

1 5 [00185] If the image number i is greater than Imax (Step 1364 positive determination), it is 
determined that there is "a defect existing" on tbe-an inspected area of interest 1034 of the mask 
(Step 1366), and the process exits from the present sub-routine to return back. That is, if any 
one of the inspected images is not approximately identical with the reference image, it is 
determined that there is "a defect existing". 

20 [00186] Preferred embodiments of the sample table according to the present invention 
have been described, and it is to be understood that they are not limited to those described above, 
but may be modified within the scope and spirit of the present invention. 
[00187] For example, although the stencil mask has been taken by way of example as a 
sample to be inspected, the sample to be inspected in the present invention is not limited to this, 

25 but any objects^ a defect of which can be detected by applying #i€-an electron beam, may be 
selected as the sample to be inspected. 

[00188] Further, the present invention is also applicable to a device for carrying out 



performing a defect inspection by using a beam of charged particles other than #ie-electrons and 
in addition, to any devices capable of obtaining an image by which the-aLsample can be inspected 
for a defect. 

[00189] Further, although in the above embodiment, in caii-ying out th e perfonning a 
5 matching operation betw^een #ie~image data, either one of the-matching between the-pixels and 
Ae-matching between the-feature vectors has been used, the-both of thfifn rthese m ay be used in 
combination. Both of the -these quick and tite-highly precise operations can be accomplished 
together through two-steps of processing comprising, for example, a first step for applying a 
quick matching operation with tbe-a^feature vector requiring less operational volume^ and a 
10 second step for applying another matching operation with more detailed image data to the-a 
resultant inspection image having higher similarity from the first step^. 

[00190] Further, although in the embodiment of the present invention, ^displacement of 
the image to be inspected has been dealt with only by offsetting the-a^position of the-mi 
irradiation area of tbe-an electron beam, such a process of searching for an optimal matching area 

15 on the image data before or during the matching operation (for example, by detecting areas 
having a higher correlation coefficient for matching) may be combined with the present 
invention. With this combination, since a greater scale of displacement of the inspected image 
can be dealt with by offsetting the irradiation area of the primary electron beam according to the 
present invention, and a relatively smaller scale of the displacement can be absorbed by a 

2 0 subsequent step of digital image processing, th e refore the p recision of the-a^defect inspection can 
be improved. 

[00191] Also, the-flow of the flowchart of Fig. 10 is not limited to the illustrated one. 
For example, although once having been determined that tfee~a.sample has a defect in Step 1312, 
further defect inspection for the-other areas on that sample is not applied thereto, th^flow of 
25 process may be modified such that the-an entire area on the sample may be inspected for the-a 
defect. Further, if the irradiation area of the electron beam may be expanded so as to cover 
substantially the entire area to be inspected on the sample by one-time ef-irradiation. Step 1314 



and Step 1316 may be omitted. 

[00192] As having described above in detail, according to the defect inspection apparatus 
of the present embodiment, since the sample can be inspected for any defect by obtaining each of 
a plurality of images of the-areas to be inspected which are overlapped partially with one m 
another while being displaced from one another on the sample^ and then comparing those images 
of the area to be inspected with Sie-a_reference image, th e refore such an excellent effect is 
obtained that the-degradation of Ae-precision in defect inspection otherwise caused by tbe-an 
offset between the image to be inspected and the reference image can be prevented. 
[00193] Further, according to a device manufacturing method of the present invention, 
since the defect inspection apparatus as described above is used to provide a defect inspection of 
ti^e-a_mask, such an excellent effect can be obtained that the-yield of the-products can be 
improved and any defective products can be prevented from being shipped. 

EMBODIMENT OF AN ELECTRON BEAM SYSTEM 

[00194] Fig. 15A shows an embodiment of a stencil mask inspection apparatus of single 
beam type. An electron beam emitted from an electron gun 711 is converged by a condenser 
lens 751 and an objective lens 753 and focused on a stencil mask 800, wherein deflectors 755 
and 757 control the electron beam to make a two-dimensional scanning motion over the stencil 
mask 800. The electron beam having passed through an aperture of the stencil mask 800 is 
detected by an MCP 771, amplified and A/D converted by an amplifier 761 and formed into 
image data in an image forming circuit 763. This image data is compared with tbe-design data 
generated by a CAD, and a coordinate with a different data is output. 

[00195] In this embodiment, for example, the deflectors 755 and 757 control *e-a_single 
beam to md ^perfoim a scanning motion in the X-direction, and a sample table 50 is moved in 
the Y-direction. It is a matter of course that the deflectors 755 and 757 may be used for th e scan 
a scanning motion of the single beam in the Y-direction, while the sample table 50 may be 
moved in the X direction. 
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[00196] Fig. 15B shows an embodiment different from that shown in Fig. 15A in that the 
former employs a plurality of electron beams. Electron beams emitted from an electron gun 
71 r comprising ar^an UB^ cathode are magnified in tha-a.direction of emission by a condenser 
lens 752 so as to be irradiated to a multi-aperture 756 arranged above a second condenser lens 
754. The electron beams shaped by the multi-aperture 756 are focused on a stencil mask 800 
with tbe-aid of a reduction lens 758 and an objective lens 760. The electron beams having 
passed through the stencil mask 800 are magnified by #ie-magnifying lenses 762 and 764, 
detected by a plurality of detectors (respective detectors are designated by codes a-f, collectively 
by 770'), and converted into digital signals by A/D converters 768 associated with respective 
detectors to thereby provide a defect inspection process. With a plurality of optical axes for 
forming a multi-beam, an aberration may be reduced and each beam can be finely focused. 
[00197] In the present embodiment, deflectors 755* and 757' are arranged between the 
second condenser lens 754 and a reduction lens 758. The deflectors 7551 and 757' control the 
plurality of electron beams focused on the stencil mask 800 so as to scan the stencil mask 800 
two-dimensionally. Also in the present embodiment, for example, the deflectors 755' and 757' 
control the plurality of electron beams to make- perfomi a scanning motion in the X-direction, 
and the sample table 50 is moved in the Y-direction. As a matter of course, the deflectors 755' 
and 757' may control the plurality of electron beams to make -perfonn a scanning motion in the 
Y-direction, while the sample table 50 may be moved in the X-direction. 

[00198] A cross section of each of the plurality of electron beams may be circular or 
rectangular. However, in the case of the plurality of electron beams being used for the-X- 
direction scanning, preferably each of the electron beams may be spaced equally from others in 
the X-direction. 

[00199] According to the above embodiment, the following efifeefr- -effects could be 
obtained. 

[00200] 1 . Since the irradiating electron beams is-are_controlled to be good at coUimation, 

that is, an angular aperture a is made smaller, ther e for e an aberration of a magnifying optical 
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system will be smaller to thereby obtain an image of high resolution. 

[00201] 2. Since the irradiation optical system comprises a two-stage arrangement of 
lenses but constructs a telecentric optical system, ther e fore t he optical system may be made 
simple and further advantageously provides a great allowance for variation in tbe-SLZ-directional 
5 position of the-a_sample. In addition, since the-an angular aperture a is small, a long focal 
depth may be provided, 

[00202] 3. Since Sie-inspection is carri e d out performed w hile moving the sample table 
continuously, a higher throughput of the inspection can be achieved even with a narrow main 
field of view. 

10 [00203] 4. With a scanning motion within the main field of view in a stepping or serial 
manner to thereby apply a dynamic aberration compensation, a low aberration can be achieved 
even with a larger a and a higher beam current. 

[00204] 5. Since Sie~magnification for focusing the-a^scintillator image on tbe-a_CCD is 
tuned by tfee-an_optical lens, there will be no need to adjust the-magnification of the~aj)rimary 
1 5 optical system precisely. 

[00205] 6. With a-use of the-an L.B^ electron gun under high brightness condition or the 
aiLFE electron gun, tbe-high resolution as well as the-high throughput may be achieved. The-An 
equivalent frequency per pixel over 800 MHz is also possible. 

[00206] 7. With an arrangement disposing fee-an electron gun in a lower location and the-a 
2 0 detector in a high location, #ie-aLposition of the-a__mask is made lower to thereby improve a 
resistance against the-vibration. 

[00207] 8. With an arrangement employing a doublet lens as a first-stage ef^lens, the 

chromatic aberration caused by the-magnification and distortion can be compensated for^ and 

accordingly^ less blurred image with smaller distortion may be obtained. 

25 [00208] 9. Since the magnification of the-a.magnifying lens system is made variable, the 

inspections te-for all types of character masks, including a one-to-one magnification mask, a 1/4 

magnification (reduction) mask, a 1/10 magnification (reduction) mask, can be carried out 
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perfomied efficiently. 

[00209] 10. With tbe-a_TDI detector placed in aii outside of tbe-an atmosphere, a high 
speed signal can be handled easily. 

[00210] 1 1 . Since changing riie-lens conditions of tbe-an illumination system can provide a 
5 small beam with a reduced crossover, ther e for e the r egistration may be carri e d out p erformed 
with high precision. 

[00211] 12. Using tbe-an electron beam allows for tiie-inspection with higher intensity 
than using the-light. Owing to this, such a trouble p roblem to produce defective products may 
be reduced. 

10 [00212] 13. Since Sie-image data is compared with fee-pattem data, it can be inspected as 
to_whether or not the-compensation has been applied properly as a result of proximity effect 
compensation. 

DEVICE MANUFACTURING METHOD 
15 [00213] An embodiment of tiie-a^semiconductor device manufacturing method according 

to the present invention will now be described with reference to Figs. 16 and 17 A. 

[00214] Fig. 16 is a flow chart illustrating one embodiment of the semiconductor device 

manufacturing method according to the present invention. The manufacturing process in this 

embodiment includes the following main processes. 
2 0 [00215] (1) A wafer manufacturing process for manufacturing a wafer (or wafer preparing 

process for preparing a wafer) (Step 1400). 

[00216] (2) A mask manufacturing process for fabricating a mask to be used in the during 
exposure (or a mask preparing process) (Step 1401). 

[00217] (2') An inspection process of a fabricated mask (this step uses an inspection 
2 5 apparatus equipped with an electron beam system described above). 

[00218] (3) A wafer processing process for performing any processing treatments 
necessary for the wafer (Step 1402), 



[00219] (4) A chip assembling process for cutting out those chips formed on the wafer one 
by one to make them operative (Step 1403). 

[00220] (5) A chip inspection process for inspecting an assembled chip (Step 1404). 
[00221] It is to be appreciated that each of ^^ese -tliese p rocesses further comprises several 
sub-processes. 

[00222] Among those main processes, one main process that gives a critical affection to 
the-performance of the semiconductor device is (3) A wafer processing process. In this wafer 
processing process, the-designed circuit pattems are deposited on the wafer one on another, thus 
to form many chips, which will function as memories or MPUs. This wafer processing process 
includes the following sub-processes. 

[00223] (A) A thin film deposition process for forming a dielectric thin film to be used as 
an insulation layer, a metallic thin film to be formed into a wiring section or an electrode section, 
and the like (by using th«-CVD process or the-sputtering). 

[00224] (B) An oxidizing process for oxidizing a^thus formed thin film and/or ^a.wafer 
substrate. 

[00225] (C) A lithography process for forming a resist pattern by using a mask (reticle) in 

order to selectively process the thin film layer and/or the wafer substrate. 

[00226] As for the mask used in this lithography process, those masks that have been 

inspected with the inspection apparatus as described above may be used. 

[00227] (D) An etching process for processing the thin film layer and/or the wafer 

substrate in accordance with the resist pattern (by using, for example, S=ie--dry etching 

technology). 

[00228] (E) An ions/impurities implant and diffusion process. 
[00229] (F) A resist stripping process. 

[00230] (G) An inspection process for inspecting tfee-aprocessed wafer. 

[00231] It should be noted that the wafer processing process must be carried out 

performed r epeatedly as desired depending on tibe-a.number of layers contained in the wafer, thus 
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to manufacture the-a_semiconductor device that will be able to operate as designed. 
[00232] Fig. 17A is a flow chart illustrating the lithography process included as a core 
process in the wafer processing process of Fig. 16. The lithography process comprises the 
respective processes as described below. 
5 [00233] (a) A resist coating process for coating the wafer^ having a circuit pattem formed 
thereon in the-apreceding^ stage with tite-a.resist (Step 1500). 
[00234] (b) An exposing process for exposing the resist (Step 1501). 
[00235] (c) A developing process for developing the exposed resist to obtain the pattem of 
the resist (Step 1502). 

1 0 [00236] (d) An annealing process for stabilizing the developed resist pattem (Step 1 503). 
[00237] Known procedures may be applied to all of the processes described above 
including the semiconductor device manufacturing process, the wafer processing process and the 
lithography process, and any further explanation about those will not be neede d given . 
[00238] When a defect inspection method, and a defect inspection apparatus according to 

15 the present invention is used in the inspection process of (2)-(2') and the lithography process 
described above, even a stencil mask having a fine pattem can be inspected with high throughput, 
so that a total inspection can be employed to make it possible to prevent any defective products 
fi-om being produced. 

20 INSPECTION PROCEDURE 

[00239] An inspection procedure in the above-described inspection process of (2)-(2*) will 
be described. 

[00240] In general, since an inspection apparatus using an electron beam is expensive and 

a throughput thereof is rather tewef ^low as compared to other processing devices, ther e for e in the 

25 current circumstances the inspection apparatus is used after an important process (for example, 

after the--process of etching, film deposition, CMP (Chemical-mechanical polishing) 

planarization or the like) where it is considered that the-inspection is required most, 
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[00241] A mask to be inspected is, after having been positioned on an ultra-precise X-Y 
stage through an atmospheric conveying system and a vacuum conveying system, secured by an 
electrostatic chuck mechanism or the like, te-on which a defect inspection and se-en -the like m av 
be subsequently coiTied out p erformed in accordance with the procedure (shown in Fig. 17B). 
5 First of all, by using an optical microscope, a position positional check of each die and/or a 
height detection of each location may be carried out p erformed appropriately as needed and those 
results may be stored. In addition to those operations, the optical microscope is used also to 
acquire an optical microscopic image for a desired location, such as a defective location, which 
will be used for A€-a_comparison with an electron beam image. In a_next step, information of a 

10 recipe corresponding to the type of a mask (i.e., after which step the mask is currently4s, and 
what the mask size is, 20cm or 30cm, and so on) is input to the device, and after a series of 
operations including a designation of Sw-aiLinspection place, a setting of the electronic optical 
system and a setting of the inspection condition, the-defect inspection is applied typically at real 
time while canning on the p erforming acquisition of fte-images. Comparison among cells and 

15 comparison among dies are performed by a high speed information processing system loaded 
with an algorithm thus to perfonn carry out t he inspection, and tbe-results are output to the CRT 
and the like or stored in the memory as needed. ¥he~A.defect includes a particle defect, an 
abnormal shape (pattem defect) and an electric defect (break or bad conduction of wirings or 
vias), which may be distinguished fi-om one another and/or classified according to tfee-size of the 

2 0 defect or the-SLdegree of defect including whether it being i s_a killer defect (a fetal defect leading 
to a disabled chip) or not, automatically at real time. The detection of the electric defect can be 
achieved by detecting an abnormal contrast. For example, since the location of bad conduction 
is usually charged to be positive through the electron beam irradiation (mon the order of 500eV) 
indicating degraded contrast, it can be distinguished fi'om a normal location. A means for the 

25 electron beam irradiation in this case is an electron beam generation means (generation means 
for thermion or UV/photoelectron) of low potential (energy) arranged separately from the 
electron beam irradiation means used for a regular inspection, in order to enhance ft«-contrast 



> t 

caused by the-potential difference. Prior to the irradiation of the electron beam for inspection 
onto the area to be inspected, this electron beam of low potential (energy) is generated and 
irradiated. For the-a^case of the-an image projection system in which the-positive charging is 
generated by irradiating the electron beam for inspection in itself, the additional electron beam 
5 generation means of low potential is not required to be arranged separately, depending on the 
specification specifications . Further, applying to a sample, such as a mask, a positive of a 
negative potential relative to tbe-a^reference potential also makes it possible to perform the defect 
detection based on the difference in contrast (caused by the fact that the-flowability is different 
depending on the-a_forward direction or tbe~an inverse direction of the-elements). This may be 

10 applicable to a line width measuring device and also to an alignment precision measurement. 

[00242] As described above, according to the embodiment of the first invention, in which 
the electron beam is employed to form the image of the mask, more minute defects can be 
inspected for as compared to the-a,related defect inspection apparatus typically using the-light. 
[00243] Further, since the-an electron beam having passed through the mask is used to 

15 form the image of the sample, which means that the-an irradiation beam and the-a.transmission 
beam would not follow tfee-a^common path, the-an out-of-focus of the transmission beam 
otherwise caused by the space charge effect can be improved significantly as compared to the 
related device guiding the irradiation beam and the transmission beam to follow the-a_common 
path, and consequently the-a_signal having a good S/N ratio can be obtained and also the-SLdefect 

2 0 of the sample can be detected in a short time. 

[00244] An embodiment according to the-a^second invention will be described. 
[00245] An embodiment of the second invention relates to an apparatus for carrying out 
perfomiing a semiconductor processing process including the— steps of lithography, film 
deposition (CVD, sputtering, plating), oxidation, hnpurities doping, etching, flattening, cleaning 

2 5 and drying of a sample such as a wafer or a stencil mask, and also for carrying out performing a 

feature observation or a defect inspection of a high-density pattern in the sample such as the 

wafer or the stencil mask, which has been fabricated through the above process, with high 
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precision and high reliabiUty, and further to a semiconductor device manufacturing method for 
earning out the p erforming p attern inspection in the course of a_device manufacturing process 
by using the apparatus. 

[00246] The second invention further relates to an apparatus for carrying out performing a 
5 defect inspection of a mask used for a-semiconductor device manufacturing. 

[00247] Conventionally, respective units in the-a.semiconductor manufacturing apparatus 
and tbe-a feature observation apparatus or the-a defect inspection apparatus have been 
respectively fabricated as separate and independent units (stand-alone units) and disposed 
separately in a line. Because of this arrangement, it has been required that a sample such as a 

10 wafer which has been finished with one of the-semiconductor processing processes should be 
placed in a cassette and transferred by some transport means from one unit of the semiconductor 
manufacturing apparatus to the inspection apparatus directly or via a cleaning/drying unit. 
[00248] Further, in tiie~a_related art system where the-an electron beam is used to inspect 
the-a_stencil mask with high precision, a narrow electron beam is emitted from the-a_reverse side 

15 of the mask to scan it, and the-transmission electrons having passed through the sample are 
detected to thereby provide the-inspection. 

[00249] If the respective units (including devices) are arranged as described above, the 
sample transport means afe-is.required between respective units, and additionally each unit needs 
a loader means and unloader means for taking the sample in and out of the cassette. 
2 0 Consequently, there arises a problem including an extended area for installing the apparatus, an 
increase in a total cost of the apparatus and also an increase in a probability of contamination of 
the sample such as a wafer. 

[00250] Besides, there has been another problem in that the-throughput will be extremely 

small, because tihe-a_narrow electron beam is used in the above inspection of the mask. 

25 [00251] The embodiment according to the second invention has been made to solve the 

above problems, and an object thereof is to provide a semiconductor manufacturing apparatus 

that can reduce the-an area required for installing the apparatus, reduce the-SLtotal cost of the 
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apparatus and further reduce ti^a_probability of Ae-contamination of the sample to thereby 
improve i^yield of the process by ehminating the transport means from among respective units 
and sharing the loader means and unloader means among the respective units, and also to provide 
a device and method for carrying out the perfonning defect inspection of the-aLStencil mask with 
5 high throughput. 

[00252] TheftNow, Sie-a.summary of a semiconductor manufacturing apparatus according 
to the second invention will be described. 

[00253] This semiconductor manufacturing apparatus is prepared for a sample such as a 
wafer and is.characterized in incorporating a defect inspection apparatus. 

10 [00254] Ov^ng to #fce-a_configuration of the semiconductor manufacturing apparatus 
integrated with the defect inspection apparatus therein, #i€-a^sample, such as a wafer or a stencil 
mask, that has been taken in by the load section is transferred into the defect inspection apparatus 
Mdthin the apparatus after #^e-completion of one manufacturing process, and then tak e n out of 
removed from the unload section after the-inspection in the defect inspection apparatus. 

15 Accordingly, tbe-SLnumber of pairs of the load section and the vmload section corresponding to 
the number of units have been required so far, but according to this semiconductor 
manufacturing apparatus, the number of the ^aii ^pairs of load and unload sections will be made 
to be only one. Further, *e-aLtransport unit of the sample such as a wafer conventionally 
required between the semiconductor manufacturing apparatus and the defect inspection apparatus 

20 can be eliminated. Therefore, th«-aLfloor area for installing the apparatus can be reduced, #ie-a 
total cost of the-apparatuses can be reduced^, and fiirther fee-probability of the-contamination of 
fee-a_sample such as a wafer can be reduced to thereby improve tfee-yield of the process. 
[00255] In the semiconductor manufacturing apparatus, the defect inspection apparatus 
may be an apparatus using an energy beam, and may be integrated v^th the semiconductor 

2 5 manufacturing apparatus. 

[00256] In the semiconductor manufacturing apparatus, the apparatus may comprise an 

etching (pattem forming) section, a cleaning section, a drying section, an inspection section 
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having the inspection apparatus, and the load and unload sections, wherein the inspection section 
may be disposed in the proximity of either one^ or either t wo^ or three of the etching section, the 
drying section and the unload section. 

[00257] According to this arrangement, the floor area for installing the entife-apparatus jn 
5 its entirety can be reduced, and also four functions of the-pattem forming processing, the 
cleaning, tbe-drying and #>e-inspection can be handled within one vmit, and further since #w-main 
components are disposed closely to one another, advantageously the-efiiciency will be increased 
and the floor area for installing the apparatus will be reduced. 

[00258] In an alternative semiconductor manufacturing apparatus, the apparatus may 
10 comprise a plating section, a cleaning section, a drying section, an inspection section having the 

defect inspection apparatus, and load and unload sections, wherein the inspection section is 

disposed in the proximity of either one, or either t wo^ or three of the plating section, the drying 

section and the unload section. According to this arrangement, the same effect can be obtained 

even in the plating unit as that obtainable in the CMP. 
15 [00259] In the semiconductor manufacturing apparatus, the defect inspection apparatus 

may be an electron beam inspection apparatus, and the cleaning unit and the drying unit may be 

incorporated in the semiconductor manufacturing apparatus. 

[00260] According to this arrangement, the-a_sample such as a stencil mask can be 
inspected with higher resolution by the defect inspection apparatus, which means that an 

20 inspection of a clear defect and an opaque defect may be feasible. Further, owing to the 
incorporation of the cleaning unit and the drying unit inside the apparatus, since t he load and 
unload sections in association with the cleaning and drying unit that have been conventionally 
installed as the-a^stand-alone unit can be eliminated and also the sample transport unit can be 
eliminated, therefore the floor area for installing the apparatus can be reduced, also the total cost 

25 of the apparatus can be reduced, and further the probability of contamination of the sample such 

as a stencil mask can be reduced, thereby improving the-yield of the process. 

[00261] Alternatively, the above defect inspection apparatus may be a defect inspection 
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apparatus using an energy beam, and the defect inspection apparatus may be integrated with the 
semiconductor manufacturing apparatus. The concept of an energy particle beam or the energy 
beam includes an electron beam, an X-ray, an X-ray laser, an ultra-violet ray, an ultra-violet ray 
laser, photoelectrons and the-light. Besides, the defect inspection apparatus using the energy 
5 particle beam or energy beam may comprise at least an energy particle irradiation section, an 
energy particle detection section, an information processing section, an X-Y stage and a sample 
loading table. 

[00262] In the semiconductor manufacturing apparatus, the electron beam defect 
inspection apparatus may comprise a differential exhausting system. 

10 [00263] According to this configuration, there is no need to vacuum exhaust a space 
around the-a.sample stage of the electron beam system, and accordingly a load-lock mechanism 
to be disposed upstream and downstream te-of that stage space can be eliminated^ thereby 
allowing for the sample such as a wafer to be transferred without any restriction. 
[00264] In the semiconductor manufacturing apparatus, the-an electron beam irradiation 

1 5 area on the-a.surface of the sample can be evacuated by the differential exhausting system. 

[00265] According to this configuration, a_more efficient exhausting system can be 
constructed by exclusively exhausting the electron beam irradiation area on the sample surface. 
[00266] In the semiconductor manufacturing apparatus, the defect inspection unit may be 
an electron beam defect inspection apparatus of a_scanning-type electron microscope (SEM) 

2 0 system. 

[00267] Further, in the semiconductor manufacturing apparatus, fee-aj)rimary electron 
beam used in the electron beam defect inspection apparatus may consist of a plurality of electron 
beams, in which secondary electrons from the sample are deflected from fee-an optical axis of 
Sie-primary electron beams by an E x B filter (Wien filter) so as to be detected by a plurality of 
25 detectors. 

[00268] In the semiconductor manufacturing apparatus, the defect inspection apparatus 

may be an electron beam defect inspection apparatus of an iniage projection-type electron 
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microscope system. 

[00269] In the semiconductor manufacturing apparatus, the primary electron beam used in 
the electron beam defect inspection apparatus may consist of a plurality of electron beams, in 
which Sie-a_.plurality of electron beams are operatively irradiated onto the sample so as to scan 
5 the surface thereof, and the-secondary electrons from the sample are deflected from the optical 
axis of the primary electron beam by the E x B separator (Wien filter) so as to be detected by a 
two-dimensional or a-line image sensor. 

[00270] With this configuration, a dosage of the electron beam and the-a_resolution of the 
a^secondary optical system can be improved, and thereby #ie-throughput thereof may also be 
10 improved. 

[00271] Such an electron beam system representing the defect inspection apparatus can be 
provided, in which the electron beam emitted from fl^e-an LaB^ electron gim is shaped properly 
and irradiated to the sample, and the electron beam emanated from the sample is formed into an 
image by an optical system of an.image projection-type electron microscope system, wherein the 
15 electron beam system may comprise a load-lock chamber for loading/unloading, and the LaBe 
electron gun may be operable in the-a_space-charge-limited condition. 

[00272] In the electron beam system, the electron beam emanated from the sample may be 
back-scattered electrons or transmission electrons. 

[00273] In the electron beam system, ar-an image-projected sample image may be 
20 converted to an optical image by a scintillator screen, and the optical image may be formed on 
*e-a.TDI detector by *e-anLFOP or Aliens system. 

[00274] In the electron beam system, the image-projected sample image may be formed 
on the TDI detector having sensibility to the electron beam. 

[00275] In the electron beam system, the sample may be secured on the-a.sample table by 
25 #ie-mLelectrostatic chuck, a laser interferometer for measuring the-a_position of the sample table 
may be provided, and the sample may also be secured within ti^a^load-lock chamber by the 
electrostatic chuck. 
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[00276] The defect inspection apparatus may be used to inspect the wafer in the course of 
processing. This may help improve the-yield of the-processing significantly. 
[00277] An improved device manufacturing method can be provided, in which a defect 
inspection and defect analysis of a wafer^ or a mask that has been finished with one of the 
5 manufacturing processes^ is performed and the result results w ill be fed back to the-a_flow of 
processes. 

[00278] Tbefe-This_will now be described in detail with reference to the attached drawings. 
[00279] Fig. 18 is a schematic diagram illustrating a configuration of a stencil mask 
forming (etching) apparatus 100" with an inspection unit incorporated therein, which represents 

10 an example of the semiconductor manufacturing apparatus of the second invention. The 
apparatus comprises as main components a load section 1" equipped with a load unit 21", an 
etching section 2" equipped with a pattern forming unit 22", a cleaning section 3" equipped with 
a cleaning unit 23", a drying section 4" equipped with a drying unit 24", an inspection section 5" 
equipped with an inspection unit 25" and an unload section 6" equipped with an unload imit 26", 

15 all of which are arranged fimctionally so as to make up an integrated unit. That is, Fig. 18 
shows one example of the second invention comprising respective sections that have been 
disposed functionally. In addition, through t hough n ot shown, transport mechanisms and/or 
alignment mechanisms for the-a.sample such as a stencil mask may be disposed in functionally 
desired spots, respectively. The load section 1" and the imload section 6" are equipped with 

2 0 mini-environment mechanisms (a mechanism for circulating the-air or a gas such as nitrogen that 
has been cleaned by a cleaning unit in a down flow to thereby prevent Ae-contamination of the 
sample such as a wafer), respectively, feeugh -though n ot she w shown . The sample transport 
mechanism is equipped with a vacuum chuck mechanism, an electrostatic chuck mechanism or a 
mechanical sample clamping mechanism, which are typically required for fixedly securing the 

2 5 sample, while for simplicity such a component is omitted in the drawing from Fie. 18 . There is 

no need to provide the load section 1 " and the unload section 6" independently, but they may be 

collectively provided in the form of a single unit of aLtransport mechanism with single-chamber. 
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Generally, it is preferred that the load section 1", the unload section 6" and a control panel (not 
shown) may be arranged as illustrated in Fig. 18 so that they can be accessed (manipulated) from 
one direction, thus achieving a through-the-wall system (in which the sample loading/unloading 
mechanism and the control section are exclusively located in a chamber having a~higher 
5 cleanliness, while the unit main body that is more apt to produce dusts dust is located in a place 
of lower cleanliness, with a partition wall disposed in space therebetween to define the-M 
interface, thereby reducing the-aLload to the chamber having the higher cleanliness), 
[00280] Fig. 19 shows an exemplary process flow of the second invention. The sample 
such as a wafer or a stencil mask is, as typically accommodated in the cassette, conveyed from 

10 Ae-preceding step 107" to the-sample transport step 108", tak e n out of removed from the cassette 
in the load section 1" and inserted into the etching section 2" (the sample load step 101"), where 
a~pattem forming processing is applied thereto (the etching step 102"), and then further 
transferred through the-cleaning step 103" in the cleaning section 3" and tfee-a,drying step 104" in 
the drying section 4" to the inspection section 5". The sample is subjected to a feature 

15 mspection and/or a defect inspection in the inspection section 5" (the-inspection step 105"), and 
transferred via the unload section 6" into the cassette (the»sample unload step 106"), and after 
that the sample is sent, as carried in the cassette, via #ie~sample transport step 108" to a 
subsequent step 109", for example, the-a.step of an exposing process. 

[00281] In the process flow of Fig. 19, the-a^sample that de -does not need the inspection 
20 process 105" is directly sent to the unload step 106" after the cleaning and the drying steps 
without passing through the inspection step 105", as indicated by the -line A-lme. Besides, 
similarly, the sample can skip the etching step 102", the cleaning step 103" and the drying step 
104", as indicated by the -line B-faie. 

[00282] In tfee-a.related wafer processing process (shown in Fig. 20), the pattem forming 

25 step by *©-etching, the cleaning and the drying steps, and the inspection step have been 

performed respectively by each independent (stand-alone) etching unit U", cleaning and drying 

unit 12" and inspection unit 13" (shown in Fig. 20). Since each one of those units is equipped 
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with the load section 1 " and the unload section 6", meaning that 3 t hree p airs of load section and 
unload section are arranged in total. Further, th«-a_unit 108" for transporting the-samples has 
been installed between respective units. 

[00283] Fig. 21 shows a wafer processing process according to the-related art. Tbe-A 
5 sample such as a wafer is, as typically accommodated in tfee-a_cassette, conveyed from the 
preceding step 107" to *«-sample transport step 108", passed through the-load section 1" and 
inserted into the-etching section 2" (the-sample load step 101"), where a flattening process is 
applied thereto (the-etching step 102"), and then transferred through tike-sample unload step 106", 
the-sample transport step 108" and the-sample load step 101", and after Ae-cleaning step 103" 

10 and the-drying step 104", further transferred through the-sample unload step 106" and (he-sample 
transport step 108" into the-inspection apparatus 13" (line C). The sample is passed through the 
load section 1" (#ie-load step 101") to the-inspection section 13", where the-feature inspection 
and/or the-defect inspection are applied thereto (fee-inspection step 105"). After that, the 
sample is fiirther transferred through the~unload section 6" of the inspection apparatus 13" into 

15 the cassette (the sample unload step 106"), and subsequently the sample is, as in the cassette, 
transferred by the sample transport step 108" to a subsequent processing step 109", for example, 
#te-a^step of an_exposing process (line D). Typically, since the-arLinspection process takes long 
time, not all of the wafers after the processes of etching, cleaning and drying are inspected, but 
the-aLsampling inspection is applied. That is, most of feem- the wafers follow the line indicated 

20 by E of Fig. 21. 

[00284] As is obvious from the-a.comparison of Fig. 19 and Fig. 21, in the embodiment 

according to the second invention, the number of steps could be reduced into 2/3 of that 

according to the related method, and resultantly the-overall processing time could be reduced by 

10% and fee-an area required for installing the apparatus could be reduced by 20%. Tbe-A 

2 5 manufacturing cost of the apparatus could also be reduced by 1 5%. 

[00285] The etching unit with the defect inspection apparatus incorporated therein has 

been described as an exemplary unit in the semiconductor manufacturing apparatus of the second 
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invention, and without any trouble, other units in the semiconductor manufacturing apparatuses 
for carr>^ing out tho p erforming lithography, ti^film deposition (CVD, sputtering, plating), the 
oxidation, #ie-impurities doping and so on may also be configured similarly so as to incorporate 
the defect inspection apparatus. 
5 [00286] Fig. 22 is a schematic diagram illustrating a defect inspection apparatus of an 
electron beam system equipped with a differential exhausting mechanism, which is included in 
the semiconductor manufacturing apparatus according to the second embodiment of the second 
invention. I n the drawing this figure, only the-main components including an optical column 
51" of the electron beam defect inspection apparatus, a differential exhausting section 52", a 

10 guard ring 54" and a moving stage 55" are shown, but the~other components including a control 
system, a power system, an exhausting system and so on are omitted. A wafer 53" to be treated 
as the-a^sample is fixed on the moving stage 55" as surrounded by a -the g uard ring 54", The 
guard ring 54" is made to have the same height (thickness) as that of the wafer 53", thereby 
allowing for a minute clearance 57" between the~a.tip of the differential exhausting section 52" 

1 5 and the wafer 53" as well as the guard ring 54" not to vary even during tiie-a.moving operation of 
the stage. The- An area on the moving stage 55" other than tbe-an area occupied by the guard 
ring 54" and the wafer 53" is also made flush with the wafer. Loading/unloading A 
loading/unloading operation of the wafer is carried out p erformed at a position where a center of 
a wafer exchange position 56" on the stage 55" matches with a center of the inspection apparatus. 

2 0 According to the-aj)rocedure in tbe-a_method for unloading the wafer, the wafer is lifted up by 
three pins capable of moving up and down of the moving stage 55", and a hand of a transfer 
robot is inserted under the wafer and lifted up to catch the wafer, and then the sampl e wafer is 
transferred. Loading A loading o peration of the wafer can be carri e d out p erformed in the-an 
inverse sequence to that for unloading the wafer. 

25 [00287] Fig. 23 is a schematic diagram illustrating the differential exhausting section 52" 
of Fig. 22. A differential exhausting body (52-3") of the differential exhausting section 52" is 
provided with an exhaust port I (52-1") and an exhaust port II (52-2"), which are arranged 



concentrically, wherein the exhaust port I is exhausted by a broad band turbo-molecular pump 
and the exhaust port II is exhausted by a dry pump. Though not shown in the drawing this 
figure, an exit of the-electron beam 202" (an entrance for tbe-secondary electrons) is configured 
to be a bore of <|) 1 mm x 1 mm long, thereby accomplishing a small conductance. The minute 
5 clearance 57" is maintained to be typically at most 0.05 mm or smaller (preferably Ort -at most 
MLmm or smaller) by controlling the height of the stage 55 " . As a result of the-an exhausting 
operation by coupling the differential exhausting section with a dry pump ef -having a n 
exhausting rate of 1000 litter/min and a turbo-molecular pump ef -having an exhausting rate of 
1000 litter/sec, a pressure of lO""^ Pa order and #ie-|Lpressure of 10"^ Pa order were obtained in 
10 the electron beam irradiation section and in the vicinity of the electron beam exit within the 
optical column, respectively. 

[00288] Fig. 24 is a schematic diagram illustrating a third embodiment. This is an 
embodiment in which a-an image projection-type electron beam inspection apparatus is used as 
the-arL.electron beam defect inspection apparatus. It is to be noted that Sie-a_dififerential 

1 5 exhausting section is omitted in th e drawm g this figure . A primary electron beam 202" emitted 
from an electron gun 201" is shaped properly in a rectangular aperture and formed into an image 
of aLO.5 mm x 0.125 mm rectangle on a deflection eefttancentoiLjlane of an E x B filter 205" 
with ^aid of a two-stage arrangement of lenses 203" and 204". The E x B filter 205", which 
is also called also as the Wien filter, comprises an electrode 206" and a magnet 207" arranged to 

2 0 have a structure in which an electric field and a magnetic field are crossed at a right angle, and 
thus fimctions to deflect the primary electron beam 202" by an angle of 35^ toward the-a 
direction of sample 210" fthe-a direction vertical to the sample), while allowing for the-a 
secondary electron beam from the sample to go -pass t hrough straight ahead. The primary 
electron beam 202" deflected by the E x B filter 205" is contracted to be 2/5 in its size by lenses 

25 208" and 209", and then projected onto the sample 210". The secondary Secondary electrons 

211" emanated from the sample 210", which contain information of the-apattem image, are after 

having been magnified by the lenses 209" and 208", advanced straight through the E x B filter 
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205", magnified by lenses 212" and 213", intensified by 10,000 times by an MCP (Micro 
Channel Plate) and converted into a-light by a scintillator screen 216", and thus converted light 
passes through a relay optical system 217" and enters a TDI-CCD 218" where the light is 
converted into an electric signal synchronized with a scanning rate of the sample, which is in 
5 turn captured by an image display 219" as a series of images. Further, the series of images are 
compared on time to a plurality of cell images as well as a plurality of die images to thereby 
detect a defective portion on the-a.surface of the sample (e.g., wafer). Further, a feature such as 
a shape, a position coordinate and a number of the-detected defects are recorded and output onto 
a CRT, for example. On one hand, for various kinds of sample substrate substrates , ^a^defect 

10 may be detected in such a way that an appropriate condition is selected te-for each different 
sample substrate depending on a difference in a surface structure, such as an oxide film or a 
nitride film or a difference in a preceding step of processing, and then the electron beam is 
irradiated in accordance with tbe -this selected condition, wherein after fte-irradiation provided 
under tfee-ajioptimal irradiation condition, the-an image by the electron beam is obtained so as to 

15 detect the defect. 

[00289] Fig. 25 is a schematic diagram illustrating a configuration of a fourth embodiment 
according to the second invention. 

[00290] Four primary electron beams 302" (302A", 302B", 302C" and 302D") emitted 
fi-om an electron gun 301" are shaped properly by an aperture step-303" and formed into 

20 respective images each having a^lO |Lim x 12 |am elliptical shape on a deflection eenteiF-central 
plane of an E x B filter 307" by a two-stage arrangement of lenses 304" and 305", wherein tiiiey 
these electr on beams are controlled by a deflector 306" to n^ake -perform a raster scanning motion 
along the-a_direction vertical to a sheet surface of the drawing figure so that they may be 
irradiated as a whole to cover a rectangular area of 1 mm x 0.25 mm uniformly. Herein the four 

2 5 primary electron beams 302" deflected by the E x B filter 307" are formed into afl-a.crossover in 

an NA aperture 308", contracted to 1/5 in its size by a lens 309" and irradiated/projected onto a 

sample (wafer) 310" to cover an area of 200 jim x 50 fam in tbe-£Ldirection substantially vertical 
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to the sample. Four secondary electron beams 312" emitted from a-thc sample 310", which 
contain information of a pattem image (sample image 311"), are magnified by lenses 309", 313" 
and 314", applied with an angle compensation for the-a^direction of serial movement of the 
sample and *e-a.direction of integration row of the-TDI-CCD 319" by a magnetic lens 315", and 
5 formed into a rectangular image (magnified projection image 318") resultant from the-these 
synthesized four secondary electron beams 312" as a whole onto an MCP 316". This magnified 
projection image 318" is intensified by-onthe order of 10,000 times by the MCP 316", converted 
into a-light by a scintillator screen 317", further converted into an electric signal synchronized 
with a serially moving rate of the sample by a-the TDI-CCD 319", captured as a series of hnages 
10 by an image display section (not shown) and then output onto a CRT, for example, or stored in a 
memory device. From this image, a defect may be detected through tfee-cell comparison or the 
die comparison, and the position coordinate, size or type thereof may be classified for ftirther 
storing, displaying and outputting operations. 

[00291] Fig. 26 shows a method for irradiating the~a.primary electron beam according to 

15 the present embodiment. The primary electron beam 302" consists of the four electron beams 

302A", 302B", 302C" and 302D", each beam assuming a 10 ^m x 12 ^m elliptical shape. Each 

one of these -these beams can raster-scan a rectangular area of 200 |im x 12.5 |im, and t hus 

collectively covers the cover a rectangular irradiation area of 200 |Lim x 50 \im without 

overlapping one another. In the present embodiment, with the-unevenness in irradiation in-on 

2 0 the order of ±3% for the primary electron beams, and (he-a.irradiation current of 250 ^lA per each 

electron beam, the-a.total irradiation current of +tO-1000_^A by the four electron beams could be 

obtained as a whole on ftte-a^surface of the sample. By increasing tfee-a_number of electron 

beams, the current can be increased more and thereby a higher throughput will be obtained. 

[00292] Though not shown in the drawin g Fig. 26, the present apparatus fiirther comprises 

25 in addition to the lenses, a limited field stop, a deflector (aligner) having four or more poles for 

aligning aft-a.trajectory of the electron be ^ beams , an astigmatism compensator (stigmeter) and 

a plurality of quadrupole lens (four-pole lens) for shaping the be^» -beams p roperlv, and so on, 
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which are units required for illumination and image formation of the electron bea m beams . 
[00293] It is required that the electron beam irradiation section irradiates the sample 
surface with the electron beams in a rectangular or an elliptical shape as uniformly as possible 
with reduced unevenness of irradiation, and it is also requested to provide the electron beam 
5 irradiation to the irradiation area with a higher current in order to increase tbe-throughput. ¥he 
A.related electron beam irradiation system has such high irradiation unevenness as ±10%, and 
the-an_electron beam irradiation current of about 500nA^ in the irradiation area. In addition, the 
related system has been-suflfered from a problem in that it is susceptible to a failure of image 
formation due to charge-up which is caused by applying the electron beam irradiation all at once 

10 over a large image observation area, as compared to the-aL.scanning-type electron beam 
microscope (SEM) system, but the method according to the present invention in which a 
plurality of electron beams is used to scan and irradiate the sample could have reduced the 
irradiation unevenness te-on the order of 1/3 of that of the related system. As for the total 
irradiation current on the sample surface, two or more times as high a_current value could be 

15 obtained by using the four electron beams. By increasing the number of electron beams, for 
example, up to the number of 16 sixteen , which may be reached easily, a further high current can 
be achieved to_thus te-obtain a higher throughput. Further, since tbe-aLraster scanning operation 
by relatively narrow beams helps release the-charges on the sample surface, therefore the a 
charge-up could be reduced down t o at most 1/10 as compared to #ie-block irradiation. 

2 0 [00294] The example of the electron beam defect inspection apparatus of an image- 
projection system has been described as fee -with this embodiment and without any trouble, the 
defect inspection apparatus of a_scanning-type electron microscope system (SEM system) may 
be used also. 

[00295] Fig. 27 shows a defect inspection apparatus employing a-an image projection 
2 5 optical system according to a fifth embodiment of the second invention. This embodiment uses 
back-scattered electrons. 

[00296] All of the components including tiie-electron gun 601" to tfee-image display 
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section 619" are the same as those in Fig. 24, and accordingly those components designated by 
reference numerals 201" to 219" in Fig. 24 are indicated by 601" to 619" respectively in Fig. 27. 
The embodiment of Fig. 27 is different from the embodiment of Fig. 24 only in an orbit of the 
electron beams, wherein the-orbit 620" of the-secondary electron beams is, as shown in dotted 
5 Mft e lines, emitted at a large emission angle from the-sample 610" and accelerated in an 
accelerating electric field produced by the-objective lens 609", and t hereby converged into a 
small beam bundle to enter the objective lens 609". On the other hand, since tfee-back-scattered 
electrons 621" advance substantially straight ahead in #ie-a^direction of the-emission, an aperture 
diameter of an aperture 622" for limiting the beam has been made larger so as to obtain a signal 

10 having a sufficient S/N ratio. Since the back-scattered electrons have a relatively smaller energy 
width of the beam, AV, as compared to the secondary electrons, therefore even with a somehow 
larger diameter of the aperture 622", yet the an aberration can be reduced satisfactorily. 
[00297] An electron beam system according to an embodiment of a third invention and a 
device manufacturing method using such a system will now be described. 

15 [00298] The embodiment of the third invention relates to an electron beam system for 
providing an evaluation of a sample having a pattern with a.minimum line width equal to at most 



2 0 stencil mask or a photo mask process, the-inspection has been carried out p erformed in such a 
manner that a primary electron beam is directed to a sample, and secondary electrons emanated 
from the sample are magnified as an image, which is in turn detected by a CCD detector or a TDI 
detector so as to perform the-an inspecting operation (optical type inspection). Further, such en 
ao_electron beam system has been known. The preceding patent applications are listed below: 

2 5 Japanese Patent Laid-open Publication No. Hei 1 1 - 1 32975 




Japanese Patent Laid-open Publication No. Hei 7-249393 



Japanese Patent Application No. 2000-193104 
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Japanese Patent Application No. 2000-229101 
[00300] In tbe-an electron beam system according to the -this r elated art, since the 
transmissivity of tbe-a.secondary electron in tbe~a_secondary optical system is rather low, a large 
quantity of a^primary electron beam has to be applied in order to obtain an image having a 
5 necessary S/N ratio, which causes a problem in that tbe-aLsample surface is charged. Besides, 
there has been another problem in conjunction with tbe-an effort to improve tbe-transmissivity in 
that the beam is seriously unfocused and tbe-contrast of the image is deteriorated. 
[00301] The embodiment according to the third invention is directed to provide an 
electron beam system that can solve the above problems. 
10 [00302] First of all, an outline of the electron beam system according to the embodiment 
of the third invention will be described. 

[00303] [1] (Fig. 30: conjugate relationship: crossover produced by an electron gim 12' - 
NA aperture 40' - principal principle plane of an objective lens 32*) 

[00304] The present embodiment is an electron beam system, in which a primary electron 
15 beam emitted from an electron gun is directed to a surface of a sample prepared as an object to 
be inspected, and an electron image formed by secondary electrons emanated from the sample is 
magnified and detectedr-th e. The system further comprising comprises a n NA aperture disposed 
on a common path to both of the primary and secondary electron beams^ and an electron lens in 
the vicinity of the sample surface, wherein a crossover produced by the electron gun and a 
20 principal principle plane of the electron lens and the NA aperture are in the-aL.conjugate 
relationship with respect t o one another. 

[00305] [2] Preferably, an NA aperture image may be formed on or in the vicinity of the 

principal p rinciple plane of the electron lens by an electron lens 38' disposed in-on the electron 

lens side of the NA aperture. 

2 5 [00306] [3] Further, a shaping aperture is arranged en4he- in a path of the primary electron 

beam, wherein the shaping aperture and the sample surface are conjugate suffee e surfaces, and 

the crossover of the electron gun by the primary electron beam is formed in the NA aperture and 
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on the objective lens principal principle plane. Since this helps make Ae-aberration low, 
allowing for a larger NA aperture with the same level of aberration and thus a higher 
transmissivity of secondary electrons, th e refore tho an image having a satisfactory S/N ratio can 
be obtained even with a small quantity of the primary electron beam. 
5 [00307] According to the present embodiment, the crossover image, the NA aperture and 
the objective lens principal principle plane are conjugate, and the shaping aperture and the sample 
surface are conjugate. 

[00308] [4/5] (Beam shape and its intensity) 

[00309] As described above, the present embodiment is configured such that the image of 

10 the NA aperture is formed in the vicinity of the principal principle plane of the electron lens 
disposed closely to the sample surface. Fig. 30 shows its configuration. In Fig. 30, the 
electron lens is designated by reference numeral 32', which is hereafter referred to as an objective 
lens 32*. With the configviration described above, the secondary electrons emanated from the 
sample surface 34a' and passing through the NA aperture 40' are exclusively guided into a 

1 5 secondary optical system and detected therein. Fig. 3 1 shows that illustratively. 

[00310] The secondary electrons from the sample are emanated in accordance with the 
cosine law as indicated by reference numeral 43*. In specific Specifically, the-intensity of the 
secondary electrons emanated in tbe-a.direction at an arbitrary angle from tihte-point of emanation 
"O" is proportional to tfee-SLdistance from the point of emanation O to an intersection point with a 

20 circumference indicated by reference numeral 43'. Accordingly, a quantity of secondary 
electrons which can be received by the secondary optical system among those secondary 
electrons emanated from #ie-a_center of the field of view of the sample is proportional to a 
volume surrounded by an inverse cone indicated by reference numeral 41' and a spherical shape 
defined by the cosine law (one of the sections section of which is indicated by tfie-circumference 

25 43*). On one hand, the secondary electrons which can be received by the secondary optical 

system among those secondary electrons emanated from the right end of the field of view are 

within a range of an.inverse cone indicated by reference numeral 42'. 
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[00311] The cone 41* and the cone 42' have the same apex angle a, but the volume of the 
cone 41' is larger than that of the cone 42'. The cone Cone 41' includes a circular arc "AB", while 
ftte-cone 42" includes a circular arc "CD". From the-aLComparison b e tw e en those of these t wo 
cones (41', 42'), the secondary electrons emanated from the right end are less than those 
5 emanated from the center (on the-optical axis 11') of the sample 34'. Consequently, the 
secondary electron beam on the optical axis IT tends to be brighter, while those off from the 
optical axis U' tends to be darker. 

[00312] In light of the above fact, the present embodiment provides an electron beam 
system in which a primary electron beam is irradiated to a sample surface, and secondary 

10 electrons emanated from the sample are magnified and detected, wherein the— a beam 
configuration of the primary electron beam entering the sample surface is controlled to have such 
a distribution that its intensity is low in the vicinity of the optical axis and high in the-a.location 
away from the optical axis. Similarly, in the present embodiment, the electron beam system is 
characterized in that the beam configuration of the primary electron beam entering the sample 

15 surface is controlled to have such a distribution that its intensity is low in the vicinity of the 
optical axis and high in the location away from the optical axis. With this configuration, the 
distribution of the secondary electrons that can be received by the secondary optical system is no 
fflofe -longer dependent on the distance from the optical axis but is_uniform, and se-fee -therefore 
detection signal intensity will be also xmiform without depending on the distance from the optical 

20 axis. 

[00313] [6/7] (Position of E x B separator) 

[00314] Further, the present embodhnent provides an electron beam system in which, in 

order to reduce the-distortion aberration of the-an image to be detected, a primary electron beam 

is directed to a sample surface vertically with the-aid of an E x B separator, secondary electrons 

25 emanated from the sample surface are magnified by using at least a_two-stage arrangement o f 

electron lenses as an image to be detected, wherein the E x B separator is disposed between an 

electron lens in a location most downstream in the-apath of the secondary electron beam and a 
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detector. Similarly, in the present embodiment, the electron beam system is characterized in 
that at least a_two-stage arrangement o f electron lenses are disposed en-in the path of the 
secondary electrons, wherein the E x B separator is disposed between the electron lens located m 
on_a downstream side of the two-stage arrangement of electron lenses and the detector. 
5 [00315] [8/9] (Deflection by tfee-magnetic field is two times as much as that by the-mi 
electric field) 

[00316] The E x B separator has a fimction for deflecting the-an electron beam passing 
therethrough into an arbitrary direction. However, a degree of th ^this d eflection is subtly 
different in dependence on the-energy of the electron beam. Generally, tbe-an electron beam 

1 0 having lower energy tends to be deflected to a gfea^ greater degree. 

[00317] Herein, the present embodiment provides an electron beam system, in which a 
primary electron beam is directed to a sample surface vertically with ^he-aid of an E x B 
separator, and secondary electrons emanated fi-om the sample surface are magnified as an image 
to be detected, wherein the E x B separator defines an amount of deflection caused by the~a 

15 magnetic field to be about two times as much as that by tbe-an electric field. Similarly, the 
electi'on beam system is characteriz e d in that tlie E x B Goparator defines the amount of 
d e flection caused by th e magnetic field to be about two times as much as that by the electric fiold. 
With this configuration, even if the energy of the electron beam passing through the E x B 
separator varies, the electron beam may be deflected in the same direction v^thin a range of 

2 0 approximation. Resultantly, the detector can obtain e d the o btain a secondary electron beam of 
better resolution. 

[00318] [10] According to a specific configuration of the illustrated embodiment, the 
electron beam system is characterized in that the E x B separator has been set to deflect the 
secondary electrons with a potential as high as about 4000eVj, and also to deflect the secondary 
2 5 electron beam at an angle of 7° to 1 5^ relative to the optical axis of the secondary electron beam. 
[00319] [11] (Fig. 34: Conjugate relationship, crossover produced by tbe-electron gun 212' 
- objective lens 232' - NA aperture 240') 
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[00320] Further, the present embodiment may be implemented as an electron beam system 
applicable to aa-inspection of a mask. The present embodiment provides an electron beam 
system, in which a primary electron beam emitted from an electron gim is transmitted through a 
sample prepared as an object to be inspected, and an electron image formed by a transmission 
5 electron beam having passed through the sample is magnified and detected, wherein an NA 
aperture is disposed eB-in a path of the transmission electron beam, an electron lens is disposed 
in the vicinity of the sample, and a crossover produced by the electron gun and the electron lens 
and the NA aperture are in conjugate relationships relative t o one another with respect to the 
primary electron beam and the transmission electron beam. 
10 [00321] [12] Preferably, the electron beam system is characterized in that the-a^crossover 
image of the electron gun by the transmission electron beam is formed on or in the vicinity of #je 
a principle p rincipal plane of the electron lens. 

[00322] [13] (Another conjugate relationship: shaping aperture 216' - sample 234') 
[00323] Further, the electron beam system is characterized in that a shaping aperture is 

15 disposed ea-in the path of the primary electron beam, and the shaping aperture and the sample 
are positioned in the-a_conjugate relationship with respect to the primary electron beam, wherein 
fee-an image of the shaping aperture by the primary optical system is formed on the sample 
surface. With this configuration, since the electron beam is irradiated exclusively to the-a 
necessary and sufficient area, a temperature increase and ardamage by the-radiation in the sample 

2 0 can be limited to a minimal level. tt ~This m akes iLpossible to obtain fee-an image having a 
sufficient S/N ratio even with a small quantity of the primary electron beam. 
[00324] [14/1 5](Magnified image formed before two-stage of lenses) 
[00325] Further, there is provided an electron beam system in which secondary electrons 
emanated from a sample surface or an image of electrons having passed through the sample is 

25 magnified by at least aL.two-stage arrangement o f electron lenses and detected, wherein a 

distortion aberration or a transverse chromatic aberration can be reduced by adjusting the-a 

position of the magnified image produced by the electron lens of the first stage so as to match 
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with a certain position upstream te^f the electron lens of the second stage. Similarly, the 
electron beam system is characterized in that at least a_two-stage arrangement o f electron lenses 
ar&"is disposed m^in the path of the transmission electron beam, wherein ti^a^position of the 
magnified image produced by the electron lens of the first stage is matched with a certain 
5 position upstream te-of the electron lens of the second stage. With this configuration, ^ 
distortion aberration of the detected image may be reduced. 
[00326] [16/17] (Compensation parameter optimization) 

[00327] There is provided an electron beam system in which a primary electron beam is 
irradiated to a sample and an image of secondary electrons emanated from the sample^ or an 

10 image of transmission e lectron electrons having passed through the sample^ is magnified as an 
image to be detected, or an electron beam system as.described above, wherein t he system Js 
characterized in that a distortion aberration of the image is simulated by calculation so as to 
determine a difference in distortion aberration between absolute values of a third and a fifth order 
thereof, wherein with a compensation parameter is -being o ptimized such that the difference may 

15 be minimized or the absolute value of the fifth order may be greater than that of the third order 
by 5-15%, and in response to the -this optimized compensation parameter, the-aj)Osition of the 
magnified image produced by the electron lens of the first stage may be set. 
[00328] [18/19] (Tuning of magnification, displacement of sample position) 
[00329] Currently, two different types of a^stencil mask may be considered. One is a 

2 0 mask used in a projection system for reducing an image of the mask to a quarter image on a 
wafer, while the other is a mask used in a 1:1 projection lithography. The former does not 
require such a high resolution, but tbe-aLmask area is as large as 25 mm x 40 mm x 16 = 16000 
mm^. In contrast, the latter has #ie-a.mask area as small as 25 mm x 40 mm = 1000 mm^, but a 
high resolution is required. 

25 [00330] In order to inspect two different types of stencil masks described above, it is 

important to make variable a magnification of the-an image of transmission electron electrons 

having passed through the stencil mask. For changing the magnification without degrading 
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aberration, it has become apparent from tbe-simulation that preferably a distance between a 
stencil mask 28' and an objective lens 29' serving as Sie~a_magnifying lens, or a working distance 
31', should be changed. 

[00331] In this regard, the present embodiment provides an electron beam system in which 
5 electrons having passed through a sample are magnified^ as a transmission electron image^ by an 
electron lens disposed close to the sample so as to be detected by either one of a CCD, a TDI or 
an EBCCD, wherein when the-magnification for magnifying the transmission electron image is 
to be changed, a distance between the sample and the objective lens is changed. Similarly, the 
electron beam system is characterized in that an adjusting means for changing a distance between 
10 the electron lens disposed close to the sample and the sample is provided to cope with a case 
where one sample is to be changed to another sample having a different resolution. With this 
configuration, the magnification of the transmission electron image may be made variable 
without deteriorating Ae-aberration. 

[00332] [20] (Magnetic lens, gap in-on the sample side) 

15 [00333] For producing a magnified image of tiie-secondary electrons or Ae-transmission 
electrons, once the-a.transverse chromatic aberration has been compensated for satisfactorily, an 
axial chromatic aberration determines the-an ultimate aberration. Especially, in order to 
improve #ie-transmissivity of the secondary eleetfe n electrons, it is important to reduce the axial 
chromatic aberration. To this end, the electron beam system is further characterized in that the 

20 electron lens disposed in the vicinity of the sample surface includes an electro-magnetic lens 
having a gap of a core located jfronthe sample side. With this configuration, an axial magnetic 
field distribution may form a maximum value in a location defined i-non the sample 65-side with 
respect to location of t he ga p location , which reduces tbe-aii axial chromatic aberration 
coefficient. 

2 5 [00334] [2 1 ] (Semiconductor device manufacturing method: Checking of wafer) 

[00335] There is provided a manufacturing method of a semiconductor device, in which 

the electron beam system described above is used to inspect for any defect of a semiconductor 
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wafer or #ie-a_sample to be inspected. 

[00336] A specific example of this manufacturing method of a semiconductor device 
comprises respective steps as set forth below: 

(1) A wafer manufacturing process for manufacturing a wafer (or a^wafer preparing 
5 process for preparing a wafer). 

(2) A mask manufacturing process for fabricating a mask to be used in the d uring 
exposure (or a mask preparing process for preparing a_mask). 

(3) A chipping process for cutting out chips formed on the wafer one by one to make 
them operative. 

10 (4) An inspection process for inspecting a finished chip by using the electron beam 

system. 

[00337] [22] (Semiconductor device manufacturing method: Checking of the mask) 
[00338] There is provided a manufacturing method of a semiconductor device, in which a 
mask that has been inspected for any defect by using the electron beam system described above 
15 is used. 

[00339] A specific example of this manufacturing method of a semiconductor device 
comprises respective steps as set forth below: 

(1) A process for fabricating a mask. 

(2) A process for carrying out p erfonning an inspection of the fabricated mask by using 
2 0 the electron beam system. 

(3) A process for manufacturing a variety of chips by using the mask that has been 
inspected. 

[00340] Further, the electron beam system is also applicable to a lithography process in a 
wafer processing process. In that case, tbe-a_mask that has been inspected by using the electron 
2 5 beam system is used to form a resist pattern in order to process selectively a thin fihn layer or a 
wafer substrate. 

[00341] A preferred embodiment of a third invention will now be described in detail with 
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reference to the attached dravsdngs. Fig. 29 shows an electron beam system according to the 
third invention and an inspection apparatus using the same electron beam system, wherein an 
electron beam system 10* is shown in-on the left hand side and a control section 100' is shown m 
OTLthe right hand side of th e drawin g this figure . Fig. 30 shows a detailed configuration of the 
5 electron beam system 1 0\ 

(ELECTRON BEAM SYSTEM 10') 

[00342] An -The electron beam system 10' comprises, as main components thereof, an 
electron gun 12'^ for emitting an electron beam^ and other components disposed iflh-on a 

10 downstream side of the electron gun 12*, including: a shaping aperture 16' for shaping the 
electron beam into a desired rectangular shape; an E x B separator 20' for separating a secondary 
electron beam from a primary electron beam; an electron lens (a magnifying lens 38') having a 
function for magnifying tbe-aLfocused electron beam; a sample 34' and a sample table 36' 
carrying the sample 34'; and an electron lens (objective lens 32') disposed in the vicinity of a 

1 5 sample surface 34a' of the sample. Further, an NA aperture 40' is disposed en-i|La primary path 
and also eflhiiLa secondary path, and a detector 70' is disposed eft-in.the seeend- secondary p ath. 
[00343] As-A_thermal electron emission type electron gun 12' is employed, which emits 
electrons by heating a cathode 12a'. l^An electron cathode (emitter) serving as arthe cathode 
has employed lanthanum hexaboride (LaBe). Any other materials may be used therefor asHfe 

2 0 so long as they have a high fusion point (i.e., a low vapor pressure at high temperature) as well as 
a small work function. In the present embodiment, the electron gun 12' comprises a single- 
crystal LaB6 cathode 12a' having a tip of such a small radius of curvature as 30 |imR, which is 
operative under a space-charge-limited condition, thereby allowing tbe-an electron beam having 
a higher intensity and a lower shot noise to be emitted. Further, by setting a distance between 

25 the-Wehneh 12b' and an anode 12c' to be equal to or longer than 8 mm^ and additionally 
determining a condition of tbe-an electron gun current to achieve a high brightness, #ieft-the 
brightness can reach te-a value greater than Langmuir limit. 



•I " 

[00344] In this context, preferably the electron gun IT in the present embodiment 
comprises the thermionic cathode 12a' and is operable under the space-charge-limited condition. 
Alternatively, such an electron gun with a small electron source image having an FE (Field 
Emitter), a TFE (Thermal Field Emitter) or a Schottky cathode may be used as the electron gun 
5 12'. It is to be noted that the "space-charge-limited condition" refers to such a condition that the 
a_cathode temperature is increased higher than a certain temperature where an emission amount 
of the electron beam is less susceptible to the-an effect from the cathode temperature. 
[00345] A first electron lens, which is defined as a condenser lens 14', is disposed in a 
direction of emission of the electron gun 12* (a lower right direction in the drawin g Fig. 30) . 

10 Further, the shaping aperture 16' and a second electron lens are disposed downstream en-in the 
path of the primary electron beam. This second electron lens is defined as an irradiation lens 
18*. The primary electron beam emitted from the electron gun 12* is converged by the 
condenser lens 14* to illuminate the shaping aperture 16*. The primary electron beam is formed, 
by passing though the shaping aperture 16', into a shaped beam having a desired shape, and is 

1 5 deflected arbitrarily by a deflector (omitte d in the drawin g from Fig. 30) to thereby irradiate an 
area in an inspected region on the sample 34* at a certain moment. 

[00346] In this embodiment, it is also possible to employ an altemative configuration in 
which two pieces of shaping apertures are disposed along the-an optical path with the-a_deflector 
interposed therebetween so as to make a shaped beam variable thus to adjust the irradiation area, 
2 0 wherein a system in which the shaping aperture 16' is substituted with a plurality of apertures of 
different sizes to adjust the irradiation area mechanically can bring about a merit that can reduce 
an optical pass. 

[00347] This embodiment is configured such that the primary electron beam is deflected 

by one or more deflectors so as to scan the entire sample in cooperation with the-a^moving 

25 operation of the stage, and altematively, a focal length of either one of the respective lenses (14*, 

18') may be changed to thereby form the-a_crossover image having a small diameter so as to scan 

the sample surface 34a*. Further altematively, a plurality of shaping apertures may be provided 
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to forai the-an_electron beam having a small diameter by reducing tbe-an overlapped area of the 
apertures, and a.thus formed electron beam may be used for the-registration through its scanning 
operation. 

[00348] Preferably, the irradiation area of the electron beam that passes through the 
5 shaping aperture 16' and irradiates the sample 34' may be specified as a rectangular shape having 
long sides and short sides. In this case, the-image formations in fee-long side directions of the 
irradiation area are carried out performed simultaneously, wherein by moving the sample table 
36' in the~a,short side direction, a continuous movements m ovement of the irradiation area in the 
short side direction is performed. Since fee-inspection is carried out performed v yhile moving 
10 the sample table 36* continuously, therefore t he inspection can be achieved wife a high 
throughput even with a narrow width of fee-a.main field of view. 

[00349] The E x B separator 20' is disposed in a location downstream te-of fee irradiation 
lens 18'. The electron beam that has been irradiated diagonally relative to the sample surface 
34' is deflected by the E x B separator 20' to be vertical to the sample surface 34a'. ¥he-An angle 
15 of deflection may be appropriately determined, which is within a range of 5° to 30° in feis 
embodiment. 

[00350] In a location downstream tenpf the E x B separator 20', fee NA aperture 40'^ 
having a function for reducing an aberration of fee secondary optical system^ and a doublet lens 
(a paired electron lens) are arranged. In the doublet lens, for convenience, the one close to the 

2 0 sample 34 is defined as a first stage e^lens, which is represented by the objective lens 32'. The 
ofeer one close to fee E x B separator 20' is defined as a second stage ef-lens, which is 
represented by the magnifying lens 38'. Interposed between the E x B separator 20* and the 
sample 34' are the NA aperture 40', the magnifying lens 38', the objective lens 32' and the sample 
34', which are arranged in this sequence. 

25 [00351] Once the electron beam is irradiated on the sample surface 34a', secondary 

electrons are emanated therefrom, and those secondary electrons pass through the doublet lens 

(32', 38') and the NA aperture 40'. The aberration of the secondary electrons is reduced by fee 
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NA aperture 40\ After that, the secondary electron beam is deflected by a predetermined angle 
with the E X B separator 20*. In this embodiment, the angle of deflection is within a range of 5° 
to 20° (in the drawin g Fig. 29 , the secondary electron beam is deflected by 10"* toward the-a 
direction opposite to the electron gun 12'). The detector 70' is arranged to be vertical relative to 
5 the direction of the deflected secondary electron beam. The secondary electron beam is 
irradiated onto the detector 70' vertically. 

(DETECTOR 70') 

[00352] The detector 70' may comprise an MCP (Multi Channel Plate) for multiplying *e 
10 electrons without deteriorating the-a_quality of image and an FOP (Fiber Optical Plate). The 
MCP and the FOP are arranged in this sequence along the direction of the irradiation of the 
electron beam. The detector 70' further comprises a vacuum window, an optical lens serving as 
a relay optical system and a TDI detector serving as a detection sensor having a plurality of 
pixels. 

15 [00353] It is to be noted that the configuration of this detector 70' is not limited to that 
specified above, bu^ -and the detector 70' may not comprise the MCP or otherwise it may be 
configured to include a CCD using elements sensitive to the electron beam (EBCCD). 

(CONTROL SECTION 100') 

20 [00354] The control section 100' may be composed of a general-purpose personal 
computer and the like as illustrated in Fig. 29. This computer comprises a control section main 
body 101' for carrying out performing a variety of control and arithmetic operations according to 
a predetermined program, a CRT 103' for displaying results of operations of the control section 
main body lOr. and an input section 105* such as a keyboard and/or a mouse to allow an 

25 operator to input commands. It is a matter of course that the configuration may employ 
hardware dedicated for an inspection apparatus or a workstation to be served serve as the control 
section 100'. 
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[00355] The control section main body 101' may comprise a CPU, a RAM, a ROM, a hard 
disk, a variety types of control substrates such as a video substrate and so on, though not shown. 
An electron image storage area 107* has been allocated on a memory such as the RAM or the 
hard disk for storing electric signals received from the detector 70', or digital image data of the 
5 an_image by the secondary electron beam emanated from the sample 34'. In addition, a 
reference image storage section 109' for storing previously a reference image containing no 
defect therein resides on the hard disk. Further, in addition to the control program for 
controlling the entire defect inspection apparatus, a defect inspection program 111' has been 
stored on the hard disk for reading the electron image data from the storage area 107' and 

10 detecting automatically the-a^defect of the sample 34' based on the image data according to a 
predetermined algorithm. This defect inspection program 111' has a fiinction of performing a 
matching operation of the reference image read out of the reference image storage section 109' 
with an actually detected electron beam image so as to detect ti^e-a defective portion 
automatically, and indicating an alarm to the operator in case of determination that there is a 

1 5 defect existing. Further, i ^this program can perform tiae-a.matching operation between electron 
images detected in the identical locations of adjacent chips or between fee-detected images in fee 
identical cells at different locations within the same chip. At that time, a display of fee electron 
image 103a' may be indicated on fee display section of fee CRT 103'. 

2 0 (FEATURE OF THE PRESENT EMBODIMENT) 
(1) Image formation of an NA aperture image 

[00356] In an electron beam system according to the present embodiment, the NA aperture 

40' is disposed en-in the path common to both of the primary and secondary electron beams. 

Further, fee objective lens 32' is disposed in fee vicinity of the sample 34'. Herein, fee-a 

25 crossover produced by the electron gun 12', fee -a principle principal plane of the objective lens 

32' and the NA aperture are arranged so as to form tbe-a_conjugate relationships relative t o each 

ofeer wife respect to the primary electron beam. Wife this arrangement, fee-an electron source 
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image produced by the electron gxin 12' is formed into an image in the NA aperture 40', and the 
image of the NA aperture 40' is further formed into an image on or in the vicinity of the 
principa b rinciple plane of the objective lens 32'. Owing to this, the primary electron beam is 
converged around th^an optical axis on or in the vicinity of the principal principle plane of the 
5 objective lens 32', thus making a beam flux smaller and thereby reducing th«-aberration. 

[00357] Further, in this embodiment, the shaping aperture 16' and the sample surface 34a' 
are designed to be conjugate planes. Besides, the-a_crossover image of the electron gun 12' is 
formed in the NA aperture 40'. This embodiment, due to the above-specified configuration, 
satisfies the-a^condition that the electron source image is formed in the NA aperture 40' and the 
10 aperture image of the shaping aperture 16' is formed on the sample surface, and it also meets the 
Koehler illumination condition. With the above configuration, since the image of the NA 
aperture is formed on the objective lens, the-a_beam flux in the objective lens is made small, 
thereby achieving a low aberration. 

[00358] Further, in this embodiment, the primary electron beam satisfies the Koehler 
1 5 illumination condition, and a.two-stage arrangement of electron lenses (the objective lens 32', the 
magnifying lens 38') is constructed. With this configuration, Ae-SLPrimary optical system 
defining a short optical length may be provided. 

[00359] As described above, the present embodhnent employs such a layout that the 
image by the NA aperture is formed on or in the vicinity of the principal principle plane of the 

20 objective lens 32' serving as the electron lens disposed close to the sample surface. With this 
configuration, since those secondary electrons dir e cting directed t oward #ie-a^center of the 
objective lens 32, including those emanated from the-a.center and also from the-an edge of the 
field of view, are exclusively received by the secondary electron system, the beam flux in the 
objective lens is made small, thereby achieving a low aberration. 

25 [00360] A reason why tbe ~an intensity distribution of the secondary electron is uneven will 
now be explained based on the cosine law illustrated in Fig. 3 1 . 

[00361] Th e secondary Secondary electrons from the sample are emanated in accordance 
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with the cosine law as indicated by reference numeral 43*. In specific Specifically , the-intensity 
of the secondary electrons emanated in tbe-a_direction at an arbitrary angle from the-point of 
emanation "O" is proportional to the-a_distance from the point of emanation O to an intersection 
point with a circumference indicated by reference numeral 43*. Accordingly, a quantity of 
secondary electrons which can be received by the secondary optical system from among those 
secondary electrons emanated from the center of the field of view of the sample is proportional 
to a volume surrounded by an inverse cone indicated by reference numeral 41' and a spherical 
shape defined by the cosine law (one of the s e ctions section of which is indicated by the 
circumference 43'). On one hand, the secondary electrons which can be received by the 
secondary optical system from among those secondary electrons emanated from the right end of 
the field of view are within a range of an_inverse cone indicated by reference numeral 42'. 
[00362] The cone 41' and the cone 42' have the same apex angle a, but the volume of the 
cone 41' is larger than that of the cone 42'. The cone 41' includes a circular arc "AB", while the 
cone 42' includes a circular arc "CD". From #i^a_comparison betw^een of those two cones (41', 
42'), the secondary electrons emanated from the right end are less than those emanated from the 
center (on the optical axis 1 1') of the sample 34'. Consequently, the secondary electron beam on 
the optical axis 11' tends to be brighter, while those off from the optical axis 11' tends to be 
darker. 

[00363] In the electron beam system according to this embodiment, tbe-an arrangement of 

the lenses is not telecentric (in a telecentric system, tbe-a^primary electron beam is irradiated 

vertically relative to tbe-aLsample surface both in fee-an optical axis and in a location off from the 

optical axis). With this arrangement, the primary electron beam is, on or in the vicinity of the 

optical axis, irradiated to the sample surface in the-a_vertical direction, but it tends to be 

irradiated more diagonally as it is farther from the optical axis, thereby r esulting in a weak 

intensity of the primary electron beam in the-an edge region off from the optical axis and thus a 

weak intensity of the secondary electron beam to be emanated. In light of the above fact, the 

shaping aperture is configured to have fee-shapes as illustrated in Fig. 32(a) and Fig. 32(b) so as 
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to increase the~a_quantity of the primary electron beam passing through tbe-an edge of the 
shaping aperture, thereby increasing tiie-intensity, as measured on the sample surface, of the 
primary electron beam in the edge portion off from the optical axis, so that even if the primary 
electron beam is irradiated diagonally relative to the sample surface at an edge region thereof, 
5 resultant intensity of the secondary electron beam to be emanated can be made as high as that 
from the optical axis portion as measured on the sample surface. 

[00364] That is, the present embodiment provides an electron beam system in which a 
primary electron beam is irradiated on the sample surface, and secondary electrons emanated 
from the sample is -are magnified as an image to be detected, wherein tiie-a_beam shape of the 

10 primary electron beam to be irradiated onto the sample surface is controlled to have such a-aii 
intensity distribution that is low around the optical axis and high in the-a.location away from the 
optical axis, so that fte-aLdistribution of the secondary electrons received by the secondary 
optical system may be independent from ti^^a^distance from the optical axis but -and uniform, 
and accordingly^ ^^e-distribution of the-a_detection signal intensity may be uniform without 

1 5 depending on the distance from the optical axis. 

[00365] In this regard, a detailed explanation will be given below. 



(2) Shaping aperture image 

[00366] As described above, the NA aperture image is formed on or in the vicinity of the 

2 0 principal principle plane of the objective lens 32'. In this case, there arises a problem in_that the 

a^quantity of the emanated secondary electrons is high around the optical axis, which is g e tting 

becomes lower in the-a_location more distant from the optical axis. To solve this problem, the 

shaping aperture 16' in the present embodiment is designed to have a configuration as shown in 

Fig. 32(a). This drav^ing figure shows the opening of the shaping aperture 16' defined from the 

25 an upstream side to #ie-a_downstream side with respect to the optical axis IT. In this drawing 

figure, an inside region surrounded by a line of reference numeral 16a' (opening shape) 

represents an opening 16b*, through which the primary electron beam passes. The-An outside 
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region of the line of reference numeral 16a' defines an opening frame 16c', which blocks the 
primary electron beam. 

[00367] As shown in tho drawin g Fig. 32(a\ an opening width Wl' of the opening 16b' 
defined around the-£Lcenter thereof (around the optical axis 11) is constant. Starting from 
certain points away from th e center a central r egion by a predetermined distance toward both 
edges, the opening width is gradually expanded wider finally to fee-a^width indicated as ^ 
opening width W2' defined in-aLeither edge. The width of the opening W2' is determined to be 
narrower than that defined by a blur of the beam of the primary optical system. The-A.ratio of the 
opening width Wl' to the opening width W2' is determined such that the secondary electron 
beam has its intensity of the same level both around the optical axis U' and in the-other regions. 
In the present embodiment, the opening width W2' is 1.5 to 4 times as wide -large as that of the 
opening width Wr. 

[00368] Fig. 32(b) shows the-an irradiation intensity distribution of Sie-primary electron 

beams that have passed through the opening 16n' of the shaping aperture and reached the sample 

surface 34a'. The-A.primary electron beam having passed through the opening 16b' increases in 

dependence on tiie-aLdistance from the optical axis. As shown in Fig. 32(b), ^^ontour 17a' of 

the primary electron beam that has passed through the opening 16b' and formed into an image on 

the sample 34' by the lenses 38' and 32' is approximately a rectangular shape. 

[00369] Curves defined ift4be- on an inner side of the contour 17a' are contour lines 17b' to 

17e' indicating magnitudes of the primary electron beam. Tbe-A.quantity is g e tting greater as 

mcreases from the contour line 17b' toward the contour line 17e'. Tbe-A reason why the 

quantity is getting greater increases t oward either edge is that since t he shape of the opening 16b' 

is getting gets wider toward either edge, and accordingly^ a larger quantity of electron beam 

passes through the opening 16b' in-aLboth edges (opening width W2' > opening width Wl'). 

[00370] The greatest irradiation intensity is observed in the section defined by tbe-line A- 

A in Fig. 32(b), and its intensity distribution is indicated by "A" in Fig. 33. Fig. 33 shows an 

irradiation intensity distribution by taking tbe-an irradiation width on x-axis and the-irradiation 
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intensity on y-axis. The intensity distribution in the section defined by ^he-line B-B is indicated 
by "B" and that in the section defined by the-hne C-C (central region) is indicated by "C". As 
shown in Fig. 33, tbe-lateral widths of respective sections are ail the same. In contrast, from 
appoint that they have different heights, it is seen that #ifi-electron beams that have the same 
5 width are still different from one another in their intensity depending on the-a_distance from the 
optical axis 11. The irradiation intensity is greatest in the A-A section, and g e tting becomes 
lower in the-sequence of the B-B section and then the C-C section. If the primary electron 
beam having such intensity distribution is irradiated on the sample surface 34a', the-secondary 
electrons to be received by the secondary optical system are not dependent on the distance from 
1 0 the optical axis 1 T but will be constant. Further, the intensity of the secondary electrons can be 
made uniform by adjusting the opening shape 16a' appropriately. Again, the present 
embodiment is not representative of Sie-telecentric illumination, as stated above. 

(3) (ExB separator 20) 

1 5 [00371] The ftinction of the E x B separator will now be described. As shown in Fig. 30, 
the E X B separator 20' consists of an electromagnetic deflector 22' and an electrostatic deflector 
24'. The electrostatic deflector 24' is located in-ti ^on an inner side of the electromagnetic 
deflector 22'. IHtey -These deflectors are designed such that #ie-a_ratio of deflection produced 
by the electrostatic deflector 24' to that produced by the electromagnetic deflector 22' is 1:2. 

2 0 ¥he-An optical axis direction of tiae-secondary electrons emanated from the sample surface 34' is 
indicated as a reference line 60'. Since the electrostatic deflector 24' and the electromagnetic 
deflector 22' are configured to provide the deflection ratio of 1 :2, th e refore w hen the secondary 
electrons pass through tfee-magnifying lens 38', which is a second stage ef-magnifying lens, and 
enter the E x B separator 20', the secondary electrons are deflected by the electromagnetic 

2 5 deflector 22' toward the right by 20 degrees from the reference line 60', while at the same time, it 

is -these electrons are deflected by the electrostatic deflector 24' toward the left by 10 degrees. 

As a result, the optical axis of the secondary electrons is deflected toward the right hand side by 
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10 degrees on balance relative to the reference line 60'. The detector 70' is arranged at a right 
angle with respect to the-axis 200' that is tilted to the right by 10 degrees from the reference line 
60'. The detector 70' is disposed so as to be spaced from the E x B separator 20' by a 
predetermined distance. As described above, in this embodiment, the secondary electrons are 
deflected by both of tbe-an electric field and the-a^magnetic field. As for its deflection 
sensitivity, tibe-deflection produced by the magnetic field is designed to be 20° toward the right, 
while #je-deflection produced by the electric field is designed t o be 10° toward the left^; that is, 
the deflection by the magnetic field is in the-an inverse direction to and two times as large as that 
by the electric field. 

[00372] In the E X B separator 20' that has been set to deflect the secondary electrons 
having the-arLenergy of 4502eV by 20° toward the right by the electromagnetic deflector 22' and 
by 10° toward the left by the electrostatic deflector 24', the-a_deflection angle of the secondary 
electrons of 450 leV will be defined as follows. 

[00373] At first, the secondary electrons are deflected by the deflection angle 
(4502/4501)^^ X 20° toward the right by the electromagnetic deflector 22'. Seeendl v Second. 
the secondary electrons are deflected by the deflection angle (4502/4501) x 10° toward the left 
by the electrostatic deflector 24'. Then, the-a.difference is determined by the equation below: 

4502^ _ /4502 
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(Eq. 1) 



where, since the figures in the parentheses of the first and the second terms can be approximated 

by 1, th e r e fore the result will be 

«10x(l)-20x(l)=-10 (deflected toward the right by 10°). 

[00374] Thus, the difference in deflection between the electrostatic deflector 24' and the 

electromagnetic deflector 22' is about -10°, which shows that the electron beam of 4501 eV is 

also deflected to the right by 10° similarly to the electron beam of 4502eV. This means that 
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according to this embodiment, even tfee-secondary electrons having different energy can be 
deflected by the same angle by the E x B separator 20'. This can help reduce the-<ieflection 
chromatic aberration. Preferably, the deflection angle is m-on the order of 7° to 15*^. Further, 
there is no need to limit the-energy of the electron beam to be deflected to 4500eV, but the and 
5 energy in-on the order of 4500eV or in a range of 4000eV to SOOOeV is feasible. 

[00375] Further, the two-stage arrangement o f lenses (the objective lens 32' and the 
magnifying lens 38*) are disposed efh4be -in a path of the secondary electrons, and the E x B 
separator 20' is disposed in ti^aLlocation downstream te-of the magnifying lens 38' arranged 
mosLdownstream most in the secondary electron beam path^; that is, between the magnifying 

1 0 lens 38' and the detector 70'. Furthermore, in the present embodiment, the location of the E x B 
separator 20' is defined Wron the detector 70' side with respect to the magnifying lens 38'. 
[00376] Owing to this arrangement, even if the deflection amount ratio of the electrostatic 
deflector 24' to the electromagnetic deflector 22' is slightly out of the ratio of 1:2, a difference in 
deflection chromatic aberration may, if any, fall in a range of submicron order on the detector 70' 

15 because of the short distance between the E x B separator 20' and the detector 70'. Further, 
since the-a_pixel size is magnified on the detector 70' (in one example, assuming 640 times for 
the-a^50nm pixel, resulting in the-a.32 |xm pixel size), the quantity of difference in aberration 
would not cause any problem at all in the inspection precision of the semiconductor device. 
Especially in this embodiment, the arrangement of the E x B separator 20' defined m-on the 

20 detector 70' side with respect to the magnifying lens 38* may reduce the degree of aberration to 
be further low. 

[00377] As for ^a^configuration of the E x B separator 20' for deflecting the-a^secondary 

electron beam, the number of windings of tfee-a_coil of the electromagnetic deflector 22' may be 

increased or decreased and/or the-voltage or current to be applied thereto may be increased or 

25 decreased. Alternatively, a space between #ie-electrodes of the electrostatic deflector, or the-a 

gap, may be adjusted in order to deflect the-secondary electrons by a predetermined degree of 

angle. Further alternatively, the secondary electron beam is not limited to the secondary 
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electrons but may be back-scattering electrons. 
(EMBODIMENT 2) 

[00378] Fig. 34 shows an electron beam system according to a second embodiment of the 
5 third invention. Fig. 34 represents an electron beam system that employs a stencil mask as tfee-a 
sample and carries out p erforms an inspection of the stencil mask. In this embodiment, an 
electron beam (a primary electron beam) emitted from an electron gun 212* having a-an LaB^^ 
cathode is irradiated onto a condenser lens 214' and a shaping aperture 216' having a rectangular 
opening, and the electron beam having passed through the shaping aperture 216' is transmitted 
10 through an irradiation lens 218' so as to be irradiated to a stencil mask 234' prepared as the 
sample. 

[00379] te-the-OiLJ^downstream side te-of the stencil mask, a first electron lens (an 
objective lens 232')^ and in th&-a_location further downstream, a second electron lens (a 
magnifying lens 238') are disposed as the-magnifying lenses. ¥be~An electron beam transmitted 

15 through the stencil mask 234' (the-a_transmission electron beam) is magnified in two stages by 
the objective lens 232' and the magnifying lens 238' to form a magnified image on a detector 
270'. An NA aperture 240' is disposed on a path of the transmission electron beam in th e on a 
downstream side te-of the two-stage arrangement o f lenses. The NA aperture 240' is disposed 
in the vicinity of the magnifying lens 238' kiron the detector side thereof. The detector 70' is 

20 disposed downstream te-of the NA aperture 240'. In this embodiment, the detector 270' 
employs an EBCCD using tbe-an element sensitive to the electron beam. The image detected 
by the detector is sent to a control section 100', as is the case of the electron beam system 10' 
shown in Fig. 29, where a specified analysis and inspection process is applied thereto. 
[00380] In this embodiment, a crossover produced by the electron gxm 212*, the objective 

25 lens 232' and the NA aperture 240' are in #te-aLConjugate r e lation relationship relative to each 

other. Further, the shaping aperture 216' is arranged en-4he -in a p ath of the primary electron 

beam so as to establish #i€-aLConjugate relationship between this shaping aperture 216' and the 
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sample 234* (the-sample surface). With this arrangement, the image produced by the shaping 
aperture 216* is formed on the sample 234' (the sample surface). Further, the crossover image 
produced by the electron gun 212' is formed on or in the vicinity of ti=te -a principle principal 
plane of the objective lens 232', 
5 [00381] According to the configuration described above, since the electron beam 
contributing the aperture image is allowed to pass close to #ie-optical axis 205' in Ae-proximity 
to the objective lens 232', therefore the aberration can be reduced to.low in the-an image to be 
detected. Further, the Koehler illumination condition can be satisfied. 

1 0 (POSITION OF TH&A MAGNIFIED IMAGE) 

[00382] It has been made apparent from the-simulation that the-distortion aberration of m 
image detected when the image (magnified image) of the stencil mask 234' by Ae-objective lens 
232'^ serving as the first stage el^lectron lens^ is formed on ^heK:ertain point 231' defined in near 
side or upstream te-of the second stage ef-magnifying lens (corresponding to the second stage ef 

15 electron lens) 238' can be minimal. In this regard, the point on which this magnified image is 
established will now be described. It is to be noted that as Ae-a,compensation parameter in this 
simulation, the-evaluation is made on, in addition to a distance "L" between the magnified image 
231' and the magnifying lens 238', a third order of distortion proportional to the third power of a 
distance from the optical axis 205', and a fifth order of distortion proportional to the fifth power 

20 of the distance from the optical axis 205'. 

[00383] Fig. 35 shows the-distortion as a fimction of the distance L between the point on 
which the-magnified imager 231' is formed and the magnifying lens 238'. In Fig. 35, the 
horizontal axis indicates the distance L, and the vertical axis indicates a magnitude of the 
distortion determined from the-a_calculation. Herein, the left curve is the third order of 

25 distortion S3 and the right curve is the fifth order of distortion S5. It is to be noted that since 

the third order of distortion S3 is represented by positive values, while the fifth order of 

distortion S5 is represented by negative values, th e r e for e F ig. 35 indicates absolute values for 
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both values. 

[00384] As shown in Fig. 35, it has been determined from the-a_resuh of the simulation 
that the distances L where one of the distortions (S3, S5) becomes 0 does not coincide with that 
of the other. The distortion 0 for S3 is observed on the distance L3, while the distortion 0 for 
5 S5 is on the distance L5. That is, the distortions for S3 and S5 would not fall on 0 at the same 
time. Based on this finding, the present embodiment employs such a distance L that makes the 
absolute values for both distortions substantially equal as an appropriate distance LI. This 
distance LI defines the-a.value where the absolute values of the third order and the fifth order of 
distortion aberrations are minimal. 

10 [00385] Fig. 36 shows the third order of distortion S3 and the fifth order of distortion S5 
for the distance of LI. In Fig. 36, the horizontal axis represents a distance from the optical axis 
205, while the vertical axis represents Sie-a^niagnitude of distortion. Since the distortion 
appears symmetrical in the-a.lateral direction with respect to the optical axis 205, Fig, 36 shows 
the distortion exclusively itt-on the right hand side. I n th e drawin g this figure . the~a.rising curve 

15 represents the third order of distortion S31 and Ae-a.dropping curve represent the fifth order of 
distortion S51. ¥he-A difference between them -these distortions is represented by reference 
numeral S71. As shown in Fig. 36, the distortion has been successfiiUy reduced by 20% by 
optimizing the-a_compensation parameter. This can help fiirther reduce ^e-distortion aberration 
of the-an image to be detected as well as tbe-transverse chromatic aberration. 

20 [00386] Further, in the present embodiment, the distance L may be set not only to tfee-a 
distance where the absolute value of the third order and the fifth order of distortion aberrations is 
minimized;, but also to fee-a_distance where the absolute value of the fifth order distortion 
(distortion aberration) is greater than the absolute value of the third order of distortion (distortion 
aberration) by 5% to 1 5%. The distance L where the fifth order of distortion S5 is greater than 

25 the third order of distortion S3 by 10% is indicated as L2 (see Fig. 35). The third order of 

distortion and the fifth order of distortion are determined respectively when the distance is set to 

L2, and th«-a_difiference therebetween is indicated as reference numeral S72 in Fig. 36. The 
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difference of distortion S72 is shown to be reduced further than the difference of distortion S71 

by 13%. 

[00387] The configuration of the simulation for setting the point of the magnified image to 
be produced by the first stage of electron lens (the objective lens 232', or the objective lens 32' in 
5 the embodiment 1) in response to that compensation parameter will now be described with 
reference to Fig. 29 used in conjunction with the embodiment 1. Th«-Aj)rogram 113 for 
calculating the values for the third order and the fifth order of distortion aberrations through the 
simulation and determining those absolute values is installed. In addition, such a program 115' 
is installed that may set the point of the magnified image to be produced by the first stage ef 
10 electron lens (magnifying lens) such that an absolute value of the sum of those values calculated 
by the program 113' is minimum^, or that the absolute value of the fifth order of distortion is 
greater than that of the third order of distortion by about 5 to 15%. The point of the magnified 
image is set by adjusting the-an intensity of the electric field in the objective lens 232'. 

1 5 (DISPLACEMENT OF Z-POSITION OF THE SAMPLE) 

[00388] Currently, two different types of stencil mask may be considered. One is a mask 
used in a projection system for reducing an image of the mask to a quarter image on a wafer, 
while the other is a mask used in a 1:1 projection lithography (LEEPL). The former does not 
require such a high resolution, but #ie-a.mask area is as large as 25 mm x 40 mm x 16 = 16000 

2 0 mm requiring high throughput. In contrast, the latter has Ai^a_mask area as small as 25 mm x 
40 mm = 1000 mm^, but a high resolution is required. 

[00389] In order to inspect two different types of stencil masks described above, it is 
important to make variable a magnification of the-an image of transmission electron electrons 
having passed through the stencil mask. For changing tbe-magnification without degrading ^ 
2 5 aberration, it has become apparent fi-om the-simulation that preferably a distance between the 
stencil mask 28' and the objective lens 29' serving as the magnifying lens, or a working distance 
31', should be changed. 
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[00390] Based on this finding, in the present embodiment, when the-magnification for 
magnifying the-a^transmission electron image is to be changed, a distance between the stencil 
mask 234* as the sample and the objective lens 232' is changed. With this configuration, the 
magnification of the transmission electron image can be made variable without deteriorating the 
5 aberration. 

[00391] To make variable the magnification of the image of transmission electron 
elections h aving passed through the stencil mask 234', this embodiment allows tbe-aposition of 
the stencil mask 234' to be moved in the direction of the optical axis 205'. In Fig. 34, the 
position of the stencil mask 234' after movement is indicated by reference numeral 234a'. The 
1 0 A.magnification of 640 on the position indicated by reference numeral 234' can be reduced to tite 
a.magnification of 320 by moving the mask to the position indicated by reference numeral 234a', 
or moving it away from the objective lens 232'. Thus, this embodiment makes Ae-a_distance 
between the sample 234' and the objective lens 232' variable. 

[00392] As for ^aj)rimary electron beam in this case, assuming that the image forming 

15 condition of the crossover by the NA aperture 240' is kept unchanged, the image forming 

condition of the mask image by the shaping aperture 216' should allow a certain level of blur of 

the image. To this end, in a preferred embodiment, the shaping aperture 216' is provided with a 

plurality of differently shaped apertures. In Fig. 34, they are indicated by reference numerals 

216a' to 216c'. When the magnification of the transmission image is to be changed, preferably 

20 the size of the shaping aperture 216' may be changed by switching it to either one of those 

designated by reference numerals 216a' to 216c ' to thereby change fee-an illumination area. 

[00393] As for the-means for moving the stencil mask 234', in other words, the-means for 

adjusting the distance between the sample (stencil mask 234') and the electron lens (objective 

lens 232') located close to the sample, it may be implemented in a form in which some actuator is 

2 5 interlocked with the stencil mask 234' so as to move it. Alternatively, it may be implemented in 

another form in which a cassette for carrying the stencil masks 234' and a holder section for 

receiving the cassette are provided, wherein tbe-ajosition for carrying the stencil masks 234' is 
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changed for each cassette, and when the sample is exchanged to another, the efrtke-cassette in its 
entirety including the sample is replaced, thereby changing the-a^distance between the sample 
and the objective lens. 

5 (STRUCTURE OF THE OBJECTIVE LENS 301') 

[00394] For producing a magnified image of titie-secondary electrons or the-transmission 
electrons, once the-a.transverse chromatic aberration has been compensated for satisfactorily, an 
axial chromatic aberration determines the-an ultimate aberration. Especially, in order to 
improve ti^transmissivity of the secondary electron e lectrons o r the like, it is important to 

10 reduce the axial chromatic aberration. Fig. 37 shows a structure of an objective lens 300' 
aiming for reducing the axial chromatic aberration with a large angle of numerical aperture. 
This objective lens 300' can be used as the objective lens 32' shown in Fig. 29 or the objective 
lens 29' shown in Fig. 34. Fig. 37 is a longitudinal sectional view of the objective lens 300' 
along the-optical axis 299'. In Fig. 37, reference numeral 299' designates the optical axis. The 

15 electromagnetic lens serving as the objective lens 300' has an annular structure with a path 
formed in-tihifi -through a center thereof for allowing the-an electron beam to pass through 
theretliroueh . The electromagnetic lens 300' includes an annular lens gap 305' formed in-on the 
sample side thereof, which is oriented toward the sample 303* side. In this embodiment, the 
lens gap 305' is defined in fte-a.position to be symmetrical around the optical axis 299'. The-A 

20 width of the lens gap 305' may be set appropriately in dependence on the-a_design of the 
electromagnetic lens 300'. 

[00395] Tbe-An_axial magnetic field distribution for Ae-a_case provided with the lens gap 

305' is indicated by Bl in th e drawin g Fig. 37 . The axial field distribution for the--a_case 

provided with ti^lens gap 307' in-on the optical axis 299' side according to fte-a.related art 

25 structure is indicated by B2. Defining as PI the-aLZ position having a maximum value in the 

axial magnetic field distribution Bl and as P2 tbe-a.Z position having a maximum value in the 

axial magnetic field distribution B2, te3hthe position PI is much closer to the sample 303' than 
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is the position P2. Thus, providing the lens gap 305* ia-on the sample 303' side forms Ae-a_Z 
position representing the-aLmaximum value near te-the sample. Owing to this, tbe~an axial 
chromatic aberration coefficient can be reduced. 

[00396] Further, preferably two pieces of electrodes dedicated for the electrostatic lens 
5 may be arranged between the electromagnetic lens 300' and the sample 303'. In this 
embodiment, the-electrodes 309' and 3ir serving as the electrostatic lens are disposed between 
the electromagnetic lens 300' and the sample 303*. Herein, a positive high voltage is applied to 
the electrode 309', and the electrode 311' and tfee-electromagnetic lens magnetic pole 301' are 
grounded, thereby allowing this unit of components to be functional as afi-aLuni-potential lens. 

1 0 Besides, applying a negative high voltage to the sample 303' allows the unit to be functional as a 
decelerating-electric field lens, thereby further reducing the-axial chromatic aberration. 
[00397] The aberration can also be reduced by aligning the-aj)eak of the axial magnetic 
field distribution with the position of the electrode 309' of the two pieces of electrostatic lenses 
(309', 311') by changing the distance L between the lens gap 305' of the electrostatic lens 300' 

15 and the optical axis 299'. In th e dimvin g Fig. 37. the above-described position is indicated by 
reference numeral P3. It is to be noted that the electrode 309' is the electrode disposed k-onthe 
electromagnetic lens 300' side. In this case, only the single electrode 309' may be provided. 
[00398] In ^a,case where the electron beam system according to the embodiment of the 
third invention is applied to a device manufacturing method, the method may consist of Sw-a 

2 0 process similar to those shown in Fig. 16 and Fig. 1 7A, for example. 

[00399] 1. In the embodiment according to the third invention, since the aperture or the 
aperture image is provided in the vicinity of the principal p rinciple plane of the objective lens, the 
electron beam contributing to the pattern image passes through the area near te-the optical axis in 
the region around the objective lens, so that the-aberration can be reduced. Further, the 

25 intensity of the secondary electrons can be made uniform by adjusting the-a geometry of the 
shaping aperture. 

[00400] 2. Further, since the E x B separator is disposed between the last electron lens and 
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the detector, th e refore the aberration can be suppressed to a lower degree as compared with tihe-a 
pixel size even with some level of deflection aberration existing. 

[00401] 3. Further, sinc e by making the magnitude of electromagnetic deflection double of 
that of the electrostatic deflection, e ven the electron beams having different energy can be 
5 deflected by about the same degree, the -and a deflection chromatic aberration can be reduced. 
[00402] 4. Further, in the second embodiment, since the two-stage arrangement of lenses 
can reduce the magnification chromatic aberration and make a small value of distortion, 
therefore tho inspection can be provided for the-aLStencil mask with high precision. Further, the 
magnification can be changed without deteriorating the-an aberration level by changing the-a 
1 0 position of the stencil mask or the sample on the optical axis. 

[00403] 5. Further, the lens structure with a small axial chromatic aberration may be 
provided by arranging the-a_lens gap »-on the sample side. Further, the axial chromatic 
aberration can be reduced more by combining fee— an electromagnetic lens with fee-an 
electrostatic lens. 

1 5 [00404] 6. Yet fiirther, since fee~aj)rimary electron beam satisfies the Koehler illumination 
condition and the two-stage of electron lenses are included in the configuration, fee-ajrimary 
optical system defining a short optical length can be provided. 

[00405] Although only some exemplary embodiments of this invention have been 
described in detail above, those skilled in the art will readily appreciat e d appreciate that many 
20 modifications are possible in the exemplary embodiments without materially departing from the 
novel teaching and advantages of this invention. Accordingly, all such modifications are 
intended to be included within the scope of this invention. 

[00406] The entire disclosure of Japanese Patent Application No. 2002-253197 filed on 
August 30, 2002, No. 2002-319687 filed on November 1, 2002 and No. 2003-000178 filed on 
25 January 6, 2003^ each including specification, claims, drawings and summary is incorporated 
herein by reference in its entirely their entirety . 
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aberration can be reduced more by combining fee — an electromagnetic lens with tfee-an 
electrostatic lens. 

[00404] 6. Yet further, since tfee-a_primary electron beam satisfies the Koehler illumination 
condition and the two-stage of electron lenses are included in the configuration, the-aj)rimary 
5 optical system defining a short optical length can be provided. 

[00405] Although only some exemplary embodiments of this invention have been 
described in detail above, those skilled in the art will readily appr e ciated appreciate t hat many 
modifications are possible in the exemplary embodiments without materially departing from the 
novel teaching and advantages of this invention. Accordingly, all such modifications are 
1 0 intended to be included within the scope of this invention. 

[00406] The entire disclosure of Japanese Patent Application No. 2002-253197 filed on 
August 30, 2002, No. 2002-319687 filed on November 1, 2002 and No. 2003-000178 filed on 
January 6, 2003. each including specification, claims, drawings and summary is incorporated 
herein by reference in its entirely their entirety . 



- 94 - 



ELECTRON BEAM SYSTEM 

ABSTRACT OF THE DISCLOSURE 

Provided is an electron beam system, in which an electron beam emitted from an 
electron gun is irradiated to a stencil mask, and the electron beam that has passed through the 
5 stencil mask is magnified by an electron lens and then detected by a detector having a plurality 
of pixels so as to form an image of the sample. Further, an e tching apparatus for a sample such as 
a wafer and a st e ncil mask includes an inspection apparatus incorporated th e r e in. The e tching 
apparatus further compris e s a load unit, a pattern forming unit, a cleaning unit, a drying unit and 
an unload unit. The e tching apparatus r e ceiv e s th e sample from a pr e ceding st e p, appli e s 

10 respectiv e processing to the sampl e by said r e spectiv e units, and then transf e rs the proc e ssed 
sample to a subs e qu e nt st e p. A sample loading m e ans, a sample unloading m e ans and a transport 
means are not r e quired for th e transf e r of th e sampl e b e twe e n respective units. Since the b e am in 
a sheet like configuration is irradiated to the stencil mask from its reverse side, and the 
transmission beam is imag e projected and d e tect e d by a TBI detector, therefor e a large number 

15 of pixels are imaged at th e sam e time, th e reby e nablmg an insp e ction with a high thi'oughput. 
Further , th e present invention provid e s provided is an electron beam system, in which a primary 
electron beam emitted from an electron gun is directed to a sample surface of a sample prepared 
as a subject to be inspected, and an electron image formed by a secondary electron beam 
emanated from the sample is magnified and detected, wherein an NA aperture is disposed on the 

2 0 in a p ath common to both of sai4 -the p rimary electron beam and said -the secondary electron 
beamr-a n. An electron lens is disposed in the vicinity of said-a_sample surface, and in this 
arrangement, a crossover produced by said-the electron gun, the said-electron lens and the said 
NA aperture may be in th^onjugate relationships relative t o each other with respect to the said 
primary electron beam. 

25 
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